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Description
Technical Field

[0001] The presentinvention belongs to the field of biotechnology, and specifically relates to a method for cultivating
plants resistant to gray leaf spot; more specifically, it relates to a method for genetically improving plants by expressing
a ZmPK gene to obtain plants resistant to gray leaf spot.

Background Art

[0002] Corn gray leaf spot is a worldwide fungal disease of corn leaves. It was first discovered in Alexandria County,
lllinois, USA in 1925, and seriously affected the yield of corn. In China, the corn gray leaf spot first occurred in Dandong
City, Liaoning Province in 1991. After that, it was reported in Jilin, Hebei, Yunnan and other regions. In recent years,
gray leaf spot has become one of the main leaf diseases in corn production in China, especially in the southwest corn
producing areas. The occurrence of corn gray leaf spot generally causes a 10-30% reduction in corn production, and in
severe cases, it can reach 60-80% or even no harvest, which severely affects the production of corn in China.

[0003] Current researchers believe that there are two main pathogens causing corn gray leaf spot: Cercospora zeae-
maydis (Czm) and Cercospora zeina (Cz). For a long time, domestic researchers believed that the pathogen of corn
gray leaf spotin China was Czm. Liu et al. took samples in the Yunnan area and analyzed the morphology, pathogenicity,
ITS sequence and histone H3 gene sequence of the microorganism and found that the pathogen of corn gray leaf spot
in the Yunnan area in China is Cz. The disease spots first appeared on the lower leaves, and the symptoms were most
obvious on the leaves. In the early stage of onset, the disease spots were water-stained faded-green spots, and then
expanded to grayish-brown color spots, which were approximately rectangular and parallel to the veins of the leaves.
When the disease is severe, the disease spots expand and spread, causing the leaves to wither. The use of fungicides
and other chemical control methods is not effective. Breeding varieties resistant to gray leaf spot is the most economical
and effective way to control this disease.

Summary of the Invention

[0004] The present invention provides a method for cultivating plants resistant to gray leaf spot.
[0005] The present invention provides a protein, which is obtained from corn, and named as ZmPK protein, which is
as follows: (a1), or (a2), or (a3), or (a4), or (a5), or (ab), or (a7), or (a8):

(a1) a protein represented by SEQ ID NO: 2 in the sequence listing;

(a2) a protein represented by SEQ ID NO: 4 in the sequence listing;

(a3) a protein represented by SEQ ID NO: 7 in the sequence listing;

(a4) a protein represented by SEQ ID NO: 9 in the sequence listing;

(ab) a fusion protein obtained by attaching a tag to an N-terminus or/and a C-terminus of the protein in any one of
(a1) to (a4);

(ab) a protein comprising the following three segments from N-terminus to C-terminus: the protein in any one of (a1)
to (a4), a connecting peptide, and an EGFP protein;

(a7) a protein related to plant gray leaf spot resistance obtained by substituting and/or deleting and/or adding one
or a plurality of amino acid residues to the protein in any one of (a1) to (a6); and

(a8) a protein related to plant gray leaf spot resistance obtained from corn and having a homology of 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% with the protein in any one of (a1) to (a4).

[0006] The tags are as shown in Table 1 below.

Table 1 Tag sequences

Tag Residues Sequence
Poly-Arg 5to 6 (typically 5) | RRRR
Poly-His 2to 10 (typically6) | HHHHHH
FLAG 8 DYKDDDDK
Strep-tag Il | 8 WSHPQFEK
c-myc 10 EQKLISEEDL
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(continued)
Tag Residues Sequence
HA 9 YPYDVPDYA
EGFP 239 Sequence 15

[0007] The EGFP protein is specifically shown in Sequence 15 in the sequence Listing. The connecting peptide can
be specifically as shown in Sequence 19 in the sequence listing.

[0008] The protein can be synthesized artificially, or its encoding gene can be synthesized first, and then the protein
can be obtained by biological expression.

[0009] The nucleic acid molecule encoding the ZmPK protein also falls within the scope of protection of the present
invention.

[0010] The nucleic acid molecule is any one of the following (b1) to (b15):

(b1) a DNA molecule with an encoding region that is represented by nucleotides 56 to 1618 in SEQ ID NO: 3 in the
sequence listing;

(b2) a DNA molecule represented by SEQ ID NO: 3 in the sequence listing;

(b3) a DNA molecule with an encoding region that is represented by nucleotides 56 to 1624 in SEQ ID NO: 5 in the
sequence listing;

(b4) a DNA molecule represented by SEQ ID NO: 5 in the sequence listing;

(b5) a DNA molecule represented by SEQ ID NO: 1 in the sequence listing;

(b6) a DNA molecule with an encoding region that is represented by nucleotides 56 to 1618 in SEQ ID NO: 8 in the
sequence listing;

(b7) a DNA molecule represented by SEQ ID NO: 8 in the sequence listing;

(b8) a DNA molecule with an encoding region that is represented by nucleotides 56 to 1624 in SEQ ID NO: 10 in
the sequence listing;

(b9) a DNA molecule represented by SEQ ID NO: 10 in the sequence listing;

(b10) a DNA molecule represented by SEQ ID NO: 6 in the sequence listing;

(b11) a DNA molecule represented by SEQ ID NO: 12 in the sequence listing;

(b12) a DNA molecule represented by SEQ ID NO: 13 in the sequence listing;

(b13) a DNA molecule represented by SEQ ID NO: 14 in the sequence listing;

(b14) a DNA molecule that is derived from corn, has a homology of 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98% or 99% with any one of (b1) to (b13), and encodes the protein;

(b15) a DNA molecule that hybridizes to any one of (b1) to (b13) under a stringent condition, and encodes the protein.

[0011] The stringent condition mentioned above is as follows: in a solution of 2XSSC, 0.1% SDS, hybridizing is
performed at 68°C, and the membrane is washed twice for 5 min each time, and then hybridizing is performed again in
a solution of 0.5XSSC, 0.1% SDS at 68°C, and the membrane is then washed twice for 15 min each time.

[0012] Anexpression cassette, recombinant vector or recombinant microorganism containing the nucleic acid molecule
also falls within the scope of protection of the present invention.

[0013] The existing expression vectors can be used to construct a recombinant expression vector containing the
nucleic acid molecule. When using the nucleic acid molecule to construct a recombinant expression vector, any enhanced,
constitutive, tissue-specific or inducible promoter can be added before its transcription initiation nucleotide, and they
can be used alone or in combination with other plant promoters that can be used in combination. In addition, when using
the nucleic acid molecule to construct a recombinant expression vector, enhancers, including translation enhancers or
transcription enhancers, can also be used. These enhancer regions can be ATG start codons or adjacent region start
codons, etc., but they must be in the same reading frame with the coding sequence in order to ensure correct translation
of the entire sequence. The sources of the translation control signals and initiation codons are extensive, and they can
be natural or synthetic. The translation initiation region can be derived from a transcription initiation region or a structural
gene. In order to facilitate the identification and screening of transgenic plants or transgenic microorganisms, the ex-
pression vectors used herein can be processed. For example, gene expressing enzymes or luminescent compounds
that can produce color changes in plants or microorganisms, resistant antibiotic markers or chemical reagent resistant
marker genes, etc. can be added herein. Considering the safety of the transgenes, it is possible to directly screen
transformed plants or microorganisms by phenotype without adding any selectable marker genes.

[0014] Therecombinantexpression vector may specifically be a recombinant plasmid obtained by inserting the double-
stranded DNA molecule shown in Sequence 12 in the sequence listing into the multiple cloning site (for example, the
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BamHI site) of the pCAMBIA3301 vector.

[0015] The recombinant expression vector may specifically be a recombinant plasmid obtained by inserting the nucleic
acid molecule into the multiple cloning site (for example, the Xcml restriction site) of the pBCXUN vector.

[0016] The presentinvention further sets forth the application of the ZmPK protein, which is the following (c1) or (c2):
(c1) to regulate the resistance of a plant to gray leaf spot; and (c2) to reduce the disease resistance of a plant to gray
leaf spot.

[0017] The present invention further sets forth the application of the nucleic acid molecule, which is the following (d1)
or (d2): (d1) to cultivate a transgenic plant with altered resistance to gray leaf spot; and (d2) to cultivate a transgenic
plant with reduced resistance to gray leaf spot.

[0018] The application of the nucleic acid molecule further includes using the nucleic acid molecule as a target to
reduce the expression amount of the nucleic acid molecule. The implementation methods include, but are not limited
to: RNAi interference, gene knockout, etc. The implementation methods also include: insertion, deletion or editing of the
promoter region, and promoter interchange. The methods for the target may also include, but are not limited to: using
editing or mutant alleles with lower expression or weaker activity, etc.

[0019] The present invention further sets forth an application of a substance for inhibiting an activity of the ZmPK
protein in a plant and/or for reducing an abundance of the ZmPK protein in a plant to enhance the disease resistance
of the plant to gray leaf spot.

[0020] The presentinvention further sets forth an application of a substance for inhibiting a transcription of the nucleic
acid molecule and/or for inhibiting an expression of the nucleic acid molecule and/or for gene editing of the nucleic acid
molecule to enhance the disease resistance of the plant to gray leaf spot. The "substance for gene editing of the nucleic
acid molecule" may specifically be any interference vector described later or any gene editing vector described later.
[0021] The present invention further sets forth a method for preparing a transgenic plant, comprising the steps of:
introducing the nucleic acid molecule into a starting plant to obtain a transgenic plant with reduced gray leaf spot
resistance. The nucleic acid molecule can be specifically introduced into the starting plant through any one of the above-
mentioned recombinant expression vectors. The recombinant expression vector carrying the nucleic acid molecule can
be transformed into the starting plant by conventional biological methods such as Ti plasmid, Ri plasmid, plant virus
vector, direct DNA transformation, microinjection, electrical conduction, and agrobacterium mediation. By crossing the
transgenic plants with existing corn varieties (including single crosses and multiple crosses, such as three consecutive
crosses), the obtained transgenic progeny plants are also transgenic plants with reduced gray leaf spot resistance. The
existing corn variety may specifically be a corn inbred line Q11.

[0022] The present invention further sets forth a plant breeding method, comprising the following steps: increasing a
content and/or activity of the ZmPK protein in a target plant, thereby reducing the gray leaf spot resistance of the target
plant.

[0023] The present invention further sets forth a plant breeding method, comprising the following steps: inhibiting an
expression of the nucleic acid molecule in a starting plant to obtain a transgenic plant with increased gray leaf spot
resistance. Inhibiting the expression of the nucleic acid molecule in the starting plant can be specifically achieved by
means of introducing an interference vector. The interference vector may specifically be the following recombinant
plasmid: a recombinant plasmid having a forward fragment, a spacer fragment and a reverse fragment; the spacer
segment is used to space the forward segment and the reverse segment; the forward segment and the reverse segment
are in a reverse complementary relationship; the forward fragment is shown in Sequence 11 in the sequence listing.
The interference vector may specifically be the following recombinant plasmid: a recombinant plasmid obtained by using
the pGreen-HY 104 vector as a starting vector, and inserting forward fragments and reverse fragments into different
multiple cloning sites; the forward segment and the reverse segment are in a reverse complementary relationship; and
the forward fragment is shown in Sequence 11 in the sequence listing. The interference vector may specifically be the
following recombinant plasmid: an RNAi interference vector obtained by using the pGreen-HY 104 vector as the starting
vector, inserting a forward fragment between the BamH| and Xbal restriction sites, and inserting a reverse fragment
between the Hindlll and EcoRI restriction sites; the forward fragment and the reverse fragment are in a reverse com-
plementary relationship; and the forward fragment is shown in Sequence 11 in the sequence listing. The interference
vector can be transformed into the starting plant by conventional biological methods such as Ti plasmid, Ri plasmid,
plant virus vector, direct DNA transformation, microinjection, electric conduction, agrobacterium mediation and the like.
By crossing the transgenic plants with existing corn varieties (including single crosses and multiple crosses, such as
three consecutive crosses), the obtained transgenic progeny plants are also transgenic plants with reduced gray leaf
spot resistance. The existing corn variety may specifically be a corn inbred line Q11.

[0024] The present invention further sets forth a plant breeding method, comprising the following steps: reducing a
content and/or activity of the protein ZmPK in a target plant, thereby increasing the disease resistance of the target plant
to gray leaf spot.

[0025] The present invention further sets forth a plant breeding method, comprising the steps of: performing gene
editing (causing a frameshift mutation in the specific gene) on a specific gene in a genome of a starting plant to increase
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the gray leaf spot resistance of the target plant; and the specific gene encoding the ZmPK protein.

[0026] The gene editing is specifically realized by the Cas9 technology.

[0027] The gene editing is specifically realized by two sgRNAs and the Cas9 protein, in which the target sequence
binding region of one sgRNA is shown in Sequence 17 of the sequence listing, and the target sequence binding region
of the other sgRNA is shown in Sequence 18 of the sequence listing.

[0028] The gene editing is specifically realized by introducing a gene editing vector. The gene editing vector may
specifically be the following recombinant plasmid: a recombinant plasmid obtained by inserting the double-stranded
DNA molecule shown in Sequence 16 in the sequence listing into the Bsal restriction site of the pBUE411 vector.
[0029] Any of the above-mentioned plants is a dicotyledonous plant or a monocotyledonous plant. The monocotyle-
donous plant may be a gramineous plant. The gramineous plant may be a plant of the genus Zea. The Zea plant may
specifically be corn, such as corn inbred line B73 or corn inbred line B73-329.

Any of the above gray leaf spots may specifically be gray leaf spot caused by Cercospora cornae.

Brief Description of the Drawings

[0030]

Fig. 1 is a schematic diagram of the structure of a pBCXUN vector.

Fig. 2 is the results of the identification of gene expression level in Example 2.

Fig. 3 is the results of the identification of disease resistance in Example 2.

Fig. 4 is a schematic diagram of the structure of an RNAI interference vector.

Fig. 5 is the results of the identification of gene expression level in Example 3.

Fig. 6 is the results of the identification of disease resistance in Example 3.

Fig. 7 is the results of the correlation between the expression level of the ZmPK gene and the level of gray leaf spot.
Fig. 8 is a schematic diagram of the structure of a pCAMBIA3301 vector.

Fig. 9 is the results of the identification of gene expression level in Example 5.

Fig. 10 is the results of the identification of disease resistance in Example 5.

Fig. 11 is a schematic diagram of the structure of recombinant plasmid E and recombinant plasmid F.
Fig. 12 is the results of the identification of gene expression level in Example 6.

Fig. 13 is the results of the identification of disease resistance in Example 6.

Fig. 14 is the sequencing results of two gene-edited plants.

Fig. 15 is the results of the identification of disease resistance in Example 7.

Description of the Preferred Embodiments

[0031] The following examples facilitate a better understanding of the present invention, but do not limit the present
invention. The experimental methods in the following examples, unless otherwise specified, are all conventional methods.
The experimental materials used in the following examples, unless otherwise specified, are all purchased from conven-
tional biochemical reagent stores. The quantitative experiments in the following examples are all set to repeat the
experiment three times, and the results are averaged.

[0032] The corn inbred line Y32 is a corn inbred line with high resistance to gray leaf spot of corn. The corn inbred
line Y32 (line Y32) is described in the following documents: QTL mapping of resistance to gray leaf spot in maize, Yan
Zhang ect., Theor Appl Genet DOI 10.1007/s00122-012-1954-z.

[0033] The corn inbred line Q11 is a corn inbred line highly susceptible to gray leaf spot. The corn inbred line Q11
(line Q11) is described in the following documents: QTL mapping of resistance to gray leaf spot in maize, Yan Zhang
ect., Theor Appl Genet DOI 10.1007/s00122-012-1954-z.

[0034] The corn inbred line B73 (B73 inbred lines) is described in the following documents: The B73 maize genome:
complexity, diversity, and dynamics, Patrick S. Schnable ect., Science (2009) 326:1112-1115. DOI: 10.1126/science.
1178534; The tin 1 gene retains the function of promoting tillering in maize, Zhang ect., Nature communictions (2019)
5608. DOI: 10.1038/s41467-019-134225-6.

[0035] The corninbred line B73-329 (B73-329 inbred lines) is described in the following documents: A retrotransposon
in an HKT1 family sodium transporter causes variation of leaf Na* exclusion and salt tolerance in maize, Ming Zhang
ect., New Phytologist (2018) 217: 1161-1176 doi: 10.1111/nph.14882.

[0036] Cercospora zeina is described in the following documents: First Report of Gray Leaf Spot of Maize Caused by
Cercospora zeina in China, Plant Disease/Vol. 97 No. 12.

[0037] The pBCXUN vector is described in the following documents: ZmHAK5 and ZmHAK1 function in K* uptake
and distribution in maize under low K+ conditions. Journal of Intergrative Plant Biology (2018) doi:10.1111/jipb. 12756.
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The schematic diagram of the structure of a pPBCXUN vector is shown in Fig.1.

[0038] The pGreen-HY104 vector (vector pGreen-HY104) is described in the following documents: A maize wall-
associated kinase confers quantitative resistance to head smut, Nature Genetics (2015) 47:151-157.

[0039] The pCAMBIA3301 vector (bivalent expression vector pPCAMBIA3301) is described in the following documents:
Pyramiding of nine transgenes in maize generates high-level resistance against necrotrophic maize pathogens.
[0040] The pBUE411 vector is described in the following documents: ZmCCT9 enhances maize adaptation to higher
latitudes. Huang ect., PNAS (2018) 115(2): E334-E341 DOI: 10.1073/pnas.1718058115.

Example 1. Discovery of ZmPK protein and its encoding gene

[0041] The corn inbred line Y32 (as the donor parent) and the corn inbred line Q11 (as the recurrent parent) were
used to construct the initial positioning population and the fine positioning population. The molecular markers located
in the finely-located regions were used; the Y32BAC library of disease-resistant parents was screened by PCR. BAC
clone fingerprint analysis was performed to construct BAC contigs covering the entire gene segment. The clone that
could cover the least gene region was then selected for sequencing. A new gene was discovered through sequence
alignment and expression analysis.

[0042] The ZmPK gene in the genomic DNA of the corn inbred line Y32 is shown in Sequence 1 in the sequence
listing. There are two transcripts of the ZmPK gene. The first transcript encodes the protein shown in Sequence 2 in the
sequence listing; the second transcript encodes the protein shown in Sequence 4 in the sequence listing. The open
reading frame corresponding to the first transcriptin the cDNA of the corninbred line Y32 is shown in nucleotides 56-1618
in Sequence 3 in the sequence listing. The open reading frame corresponding to the second transcript in the cDNA of
the corn inbred line Y32 is shown in nucleotides 56-1624 in Sequence 5 in the sequence listing.

[0043] The ZmPK gene in the genomic DNA of the three corn inbred lines (the three corn inbred lines refer to the corn
inbred line B73, the corn inbred line B73-329 and the corn inbred line Q11, the same below) is as shown in Sequence
6 in the sequence listing. There are two transcripts of the ZmPK gene. The first transcript encodes the protein shown in
Sequence 7 in the sequence listing. The second transcript encodes the protein shown in Sequence 9 in the sequence
listing. The open reading frame corresponding to the first transcript of the cDNAs of the three corn inbred lines is shown
in nucleotides 56-1618 in Sequence 8 in the sequence listing. The open reading frame corresponding to the second
transcript of the cDNAs of the three corn inbred lines is shown in nucleotides 56-1624 in Sequence 10 in the sequence
listing.

Example 2. Obtaining and identifying over-expression plants
I. Construction of recombinant expression vector
[0044]

1. Fresh leaves of corn inbred line Y32 were taken, total RNA was extracted, and cDNA was obtained by reverse
transcription.

2. The cDNA obtained in step 1 was used as a template; a primer pair composed of ZmPK-OE-F and ZmPK-OE-R
was used for PCR amplification to obtain a PCR amplification product.

ZmPK-OE-F: 5-ATGGGCGCTTGCTTCTCCTC-3’;
ZmPK-OE-R: 5’ -TCACAGAGCCTGAGGGTTTGG-3’.

3. The pBCXUN vector was taken, cleaved with restriction enzyme Xcml, and the vector backbone was recovered.
4. The PCR amplification product obtained in step 2 was linked to the vector backbone obtained in step 3 to obtain
a recombinant plasmid A and a recombinant plasmid B. According to the sequencing results, the structure of re-
combinant plasmid A was described as follows: at the Xcml restriction site of the pBCXUN vector, a DNA molecule
represented by nucleotides 56-1618 in Sequence 3 in the sequence listing was inserted. According to the sequencing
results, the structure of recombinant plasmid B was described as follows: at the Xcml restriction site of the pPBCXUN
vector, a DNA molecule represented by nucleotides 56-1624 in Sequence 5 in the sequence listing was inserted.
Since there were two sequences in the template and the difference was only 6 nucleotides, and the recombinant
plasmid A and the recombinant plasmid B were constructed in the same way and produced at the same time, they
needed to be identified by sequencing. In practical applications, two exogenous fragments can also be directly
synthesized and then inserted into the Xcml restriction site of the pBCXUN vector to obtain a recombinant plasmid
A and a recombinant plasmid B.

5. Fresh leaves of corn inbred line Q11 were taken, total RNA was extracted, and a cDNA was obtained by reverse
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transcription.

6. The cDNA obtained in step 5 was used as a template; a primer pair composed of ZmPK-OE-F and ZmPK-OE-R
was used for PCR amplification to obtain a PCR amplification product.

7. The PCR amplification product obtained in step 6 was linked to the vector backbone obtained in step 3 to obtain
arecombinant plasmid C. According to the sequencing results, the structure of recombinant plasmid C was described
as follows: at the Xcml restriction site of the pBCXUN vector, a DNA molecule represented by nucleotides 56-1618
in Sequence 8 in the sequence listing was inserted.

Il. Acquisition of an overexpression plant
[0045]

1. The recombinant plasmid was introduced into Agrobacterium EHA105 to obtain recombinant Agrobacterium.

2. The recombinant Agrobacterium obtained in step 1 was taken, and the Agrobacterium-mediated method was
used to genetically transform the immature embryos of the corninbred line B73-329 to obtain the TO generation plants.
3. The TO generation plants were identified by PCR.

[0046] The PCR identification method was as follows: plant leaves were taken, genomic DNA was extracted, and a
primer pair consisting of bar-F and bar-R was used for PCR amplification. If an amplified product of about 262 bps was
obtained, the PCR identification result was positive, and the plant was a transgenic plant. If no amplified product was
obtained, the PCR identification result was negative, and the plant was a non-transgenic plant.

bar-F: GAAGGCACGCAACGCCTACGA; bar-R: CCAGAAACCCACGTCATGCCA.

[0047] The recombinant plasmid A was used for step two, and three randomly selected transgenic plants were named,
namely YT1-1 plant, YT1-2 plant, and YT1-3 plant. The recombinant plasmid B was used to perform step two, and three
randomly selected transgenic plants were named, namely YT2-1 plant, YT2-2 plant, and YT2-3 plant. The recombinant
plasmid C was used for step two, and three randomly selected transgenic plants were named, namely QT1-1 plant,
QT1-2 plant, and QT1-3 plant.

Ill. Obtaining backcrossed separated offspring

[0048] The TO generation plants were selfed, the seeds were harvested, and the seeds were then cultivated into plants,
that is, the T1 generation plants. The transgenic plants were screened from the T1 generation plants. The PCR identi-
fication method was the same as 3 in step Il. The T1 generation transgenic plant was used as the female parent, and
the corn inbred line Q11 was used as the male parent. The seeds were cultivated into plants, that is, the F1 generation
plants. The transgenic plants were screened from the F1 generation plants, and the PCR identification method was the
same as 3 in step Il. The F1 generation transgenic plant was used as the female parent, and the corn inbred line Q11
was used as the male parent. The seeds were cultivated into plants, that is, the BC4F, generation plants. The transgenic
plants and non-transgenic plants were screened from the BC4 F4 generation plants, and the PCR identification method
was the same as 3 in step Il. The BC4 F, generation transgenic plant was used as the female parent, and the corn inbred
line Q11 was used as the male parent. The seeds were cultivated into plants, that is, BC,F4 generation plants. The
transgenic plants and non-transgenic plants were screened from the BC,F, generation plants, and the PCR identification
method was the same as 3 in step Il. The BC,F, generation transgenic plant was used as the female parent, and the
corn inbred line Q11 was used as the male parent. The seeds were cultivated into plants, that is, BC3;F generation
plants. The transgenic plants and non-transgenic plants were screened from the BC5F4 generation plants, and the PCR
identification method was the same as 3 in step Il.

[0049] The TO generation plants were: YT1-1 plant, YT1-2 plant, YT1-3 plant, YT2-1 plant, YT2-2 plant, YT2-3 plant,
QT1-1 plant, QT1-2 plant, and QT1-3 plant.

IV. Identification of plant disease resistance

[0050] The tested plants were: BC3F transgenic plants and non-transgenic plants of YT1-1 plants, BC5F transgenic
plants and non-transgenic plants of YT1-2 plants, BC5F transgenic plants and non-transgenic plants of YT1-3 plants,
BC,F, generation transgenic plants and non-transgenic plants of YT2-1 plants, BC,F, generation transgenic plants and
non-transgenic plants of YT2-2 plants, BC,F, generation transgenic plants and non-transgenic plants of YT2-3 plants,
BC,F generation transgenic plants and non-transgenic plants of QT1-1 plants, BC4F generation transgenic plants and
non-transgenic plants of QT1-2 plants, and BC3F generation transgenic plants and non-transgenic plants of QT1-3
plants.
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1. Identification of gene expression level

[0051] The total RNA from the leaves of the tested plants was extracted and reverse transcribed to obtain the cDNA.
With the GAPDH gene as the internal reference gene, the relative expression level of the ZmPK gene was detected by
gPCR. The results are shown in Fig 2.

[0052] Primer pair used to detect ZmPK gene:

ZmPK-F: GCGTTGCCGTCAAGCGCAT; ZmPK-R:
GCTCCATCACAATGTACACGT.

[0053] Primer pair used to detect GAPDH gene:

GAPDH-F: ATCAACGGCTTCGGAAGGAT; GAPDH-R:
CCGTGGACGGTGTCGTACTT.

2. ldentification of disease resistance

[0054] The disease resistance identification was carried out in Shangzhuang Experimental Base of China Agricultural
University.

[0055] The pathogen of gray spot disease: Cercospora zeina.

[0056] The test plants were cultured under normal conditions, and pathogenic bacteria were inoculated during the bell
mouth stage, and then the normal culture was continued. After two weeks of pollination, the phenotypic investigation
was carried out, and the disease index (DSI) was calculated in a graded investigation. The specific method of inoculating
pathogenic bacteria (bacterial fluid filling method) was as follows: the spores of the gray spot disease-causing fungus
were added in sterile water to obtain a spore suspension with a spore concentration of 2-4 X 105/mL, and a syringe was
used to infuse the spore suspension into the corn bell mouth, and 5 ml were infused per corn plant.

[0057] Thegradingstandard ofthe disease level (Xrepresents the percentage of the diseased spotarea to the leaf area):

Level 1 (assigned value was 0): X<5%;

Level 3 (assigned value was 0.25): 5%<X<10%;

Level 5 (assigned value was 0.5): 10%<X<30%;

Level 7 (assigned value was 0.75): 30%<X<70%;

Level 9 (assigned value was 1): 70%<X<100%.

Disease index (DSI) (%) = X (assigned value corresponding to the disease level x the number of plants at this level)
x 100/1 x total number of plants

The results are shown in Fig. 3. In Fig. 3, the parentheses indicate the number of plants, the number before the
dividing line is the number of non-transgenic plants, and the number after the dividing line is the number of transgenic
plants.

[0058] The results show that, compared with non-transgenic plants, the expression of ZmPK gene in transgenic plants
was significantly higher, and the disease index of corresponding transgenic plants was also significantly higher.

Example 3. Obtaining and identifying plants in which the expression is inhibited
I. Obtaining plants in which the expression is inhibited
[0059]

1. The pGreen-HY 104 vector was used as the starting vector, the forward fragment was inserted between the BamH|
and Xbal restriction sites, and the reverse fragment was inserted between the Hindlll and EcoRl restriction sites,
so as to obtain an RNAi interference vector. The RNAI interference vector was verified by sequencing. The forward
segment and the reverse segment were in a reverse complementary relationship. The forward fragment is shown
in Sequence 11 in the sequence listing. The structure diagram of the RNAi interference vector is shown in Fig. 4.
2. The RNAi interference vector obtained in step 1 was introduced into Agrobacterium EHA105 to obtain recombinant
Agrobacterium.

3. The recombinant Agrobacterium obtained in step 2 was taken, and the Agrobacterium-mediated method was
used to genetically transform the immature embryos of the corninbred line B73-329 to obtain the TO generation plants.
4. The TO generation plants were selfed, the seeds were harvested, and the seeds were then cultivated into plants,
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that is, the T1 generation plants.
5. The TO generation plants were identified by PCR.

[0060] The PCR identification method was the same as 3 in step Il in Example 2.
[0061] Threerandomly selected transgenic plants were named as RNAi#806 plants, RNAi#1065 plants, and RNAi#581
plants.

1. Obtaining backcrossed separate population

[0062] The PCR identification method was the same as 3 in step Il in Example 2.

[0063] The TO generation plants were selfed, the seeds were harvested, and the seeds were then cultivated into plants,
thatis, the T1 generation plants. The transgenic plants were screened from the T1 generation plants (PCR identification).
The T1 generation transgenic plant was used as the female parent, and the corn inbred line Q11 was used as the male
parent. The seeds were cultivated into plants, that is, the F1 generation plants. The transgenic plants were screened
from the F1 generation plants (PCR identification). The F1 generation transgenic plant was used as the female parent,
and the corn inbred line Q11 was used as the male parent. The seeds were cultivated into plants, that is, the BC4F;,
generation plants. The transgenic plants and non-transgenic plants were screened from the BC,F; generation plants
(PCR identification). The BC,F, generation transgenic plant was used as the female parent, and the corn inbred line
Q11 was used as the male parent. The seeds were cultivated into plants, thatis, BC,F generation plants. The transgenic
plants and non-transgenic plants were screened from the BC,F4 generation plants (PCR identification).

[0064] The TO generation plants were: RNAi#806 plant, RNAi#1065 plant, and RNAi#581 plant.

I1. Identification of plant disease resistance

[0065] The tested plants were: BC,F transgenic plants and non-transgenic plants of RNAi#806 plants, BC,F, trans-
genic plants and non-transgenic plants of RNAi#1065 plants, and BC,F transgenic plants and non-transgenic plants
of RNAi#581 plants.

1. Identification of gene expression level

[0066] The method was the same as 1 in step IV in Example 2.
[0067] The results are shown in Fig. 5.

2. ldentification of disease resistance

[0068] The method was the same as 2 in step IV in Example 2.

[0069] The results are shown in Fig. 6. In Fig. 6, the parentheses indicate the number of plants, the number before
the dividing line is the number of non-transgenic plants, and the number after the dividing line is the number of transgenic
plants.

[0070] The results show that, compared with non-transgenic plants, the expression of ZmPK gene in transgenic plants
was significantly reduced, and the disease index of the corresponding transgenic plants was significantly reduced.

Example 4. Analysis of the correlation between gene expression and disease resistance

[0071] The original parents of the positioning population were corn inbred line Y32 and corn inbred line Q11. Through
continuous crossing and backcrossing, a high-generation backcrossing segregation population was constructed.
[0072] Three plants with disease levels of 1, 3, 5, 7, and 9 in the positioning population were randomly selected, and
gene expression level identification (the method was the same as that of 1 in step IV in Example 2) and disease resistance
identification (the method was the same as 2 in step IV in Example 2) were performed. The correlation between the
expression of ZmPK gene and the level of gray leaf spot was calculated. The results are shown in Fig. 7. There was a
significant positive correlation between the expression of ZmPK gene and the level of gray leaf spot. This further confirms
the negative correlation between ZmPK gene expression and plant resistance to gray leaf spot.

Example 5. Obtaining and identifying complementary transgenic plants
I. Construction of recombinant expression vector

[0073] A recombinant plasmid was prepared. According to the sequencing results, the structure of the recombinant
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plasmid was described as follows: the DNA molecule shown in Sequence 12 in the sequence list was inserted into the
BamHl| restriction site of the pCAMBIA3301 vector. Fig. 8 shows a schematic diagram of the structure of the pPCAMBIA3301
vector.

II. Obtaining complementary transgenic plants
[0074]

1. The recombinant plasmid prepared in step | was introduced into Agrobacterium EHA105 to obtain recombinant
Agrobacterium.

2. The recombinant Agrobacterium obtained in step 1 was taken, and the Agrobacterium-mediated method was
used to genetically transform the immature embryos of the corn inbred line B73 to obtain the TO generation plants.
3. The TO generation plants were identified by PCR.

[0075] The PCR identification method was the same as 3 in step Il in Example 2.
[0076] A randomly selected transgenic plant was named C#596 plant.

Ill. Obtaining backcrossed separated offspring

[0077] The TO generation plants were selfed, the seeds were harvested, and the seeds were then cultivated into plants,
that is, the T1 generation plants. The transgenic plants were screened from the T1 generation plants. The PCR identi-
fication method was the same as 3 in step Il. The T1 generation transgenic plant was used as the female parent, and
the corn inbred line Q11 was used as the male parent. The seeds were cultivated into plants, that is, the F1 generation
plants. The transgenic plants were screened from the F1 generation plants, and the PCR identification method was the
same as 3 in step Il. The F1 generation transgenic plant was used as the female parent, and the corn inbred line Q11
was used as the male parent. The seeds were cultivated into plants, that is, the BC4F generation plants.

IV. Identification of plant disease resistance

[0078] The tested plants were: BCF; generation transgenic plants and non-transgenic plants of C#595 plants, and
BC,F generation transgenic plants and non-transgenic plants of C#596 plants.

1. Identification of gene expression level

[0079] The method was the same as 1 in step IV in Example 2.
[0080] The results are shown in Fig. 9.

2. ldentification of disease resistance

[0081] The method was the same as 2 in step IV in Example 2.

[0082] The results are shown in Fig. 10. In Fig. 10, the parentheses indicate the number of plants, the number before
the dividing line is the number of non-transgenic plants, and the number after the dividing line is the number of transgenic
plants.

[0083] The results show that, compared with non-transgenic plants, the expression of ZmPK gene in transgenic plants
was significantly higher, and the disease index of corresponding transgenic plants was also significantly higher.

Example 6 Obtaining and identifying pure lines of fusion overexpression plants 1. Construction of recombinant expression
vector

[0084] Therecombinantplasmid E and recombinantplasmid F were prepared respectively. According to the sequencing
results, the structure of recombinant plasmid E was described as follows: at the Xcml restriction site of the pPBCXUN
vector, a DNA molecule shown in Sequence 13 of the sequence listing was inserted. According to the sequencing results,
the structure of recombinant plasmid F was described as follows: at the Xcml restriction site of the pBCXUN vector, a
DNA molecule shown in Sequence 14 of the sequence listing was inserted. The schematic diagram of the structure of
recombinant plasmid E and recombinant plasmid F is shown in Fig. 11.

10
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1. Obtaining pure lines of fusion overexpression plants
[0085]

1. The recombinant plasmid was introduced into Agrobacterium EHA105 to obtain recombinant Agrobacterium.

2. The recombinant Agrobacterium obtained in step 1 was taken, and the Agrobacterium-mediated method was
used to genetically transform the immature embryos of the corn inbred line B73 to obtain TO generation plants.

3. The TO generation plants were identified by PCR.

[0086] The PCR identification method was the same as 3 in step Il of Example 2.

[0087] The recombinant plasmid E was used to carry out step Il, and four randomly selected transgenic plants were
named: Y1#349 plant, Y1#350 plant, Y1#351 plant, and Y1#354 plant. The recombinant plasmid F was used to carry
outstep Il, and three randomly selected transgenic plants were named, namely Y2#731 plant, Y2#732 plant, and Y2#735
plant.

[0088] 4. The TO generation plants were selfed and the seeds were harvested. The seeds were cultivated into plants,
which were the T1 generation plants. The transgenic plants (identified by PCR) were screened from the T1 generation
plants for selfing, and the seeds were harvested. The T2 generation plants were cultivated from the seeds into the plants.
The transgenic plants (identified by PCR) from the T2 generation plants were screened for selfing, and the seeds were
harvested. The seeds were cultivated to plants, that is, the T3 generation plants. The PCR identification method was
the same as 3 in step Il in Example 2. For a T2 generation plant, if the T3 generation plants obtained by selfing were all
transgenic plants, the T2 generation plant was a homozygous transgenic plant. The offspring obtained by selfing of the
homozygous transgenic plant was a homozygous transgenic line.

[0089] The following homozygous transgenic strains were obtained: Y1#349 strain, Y1#350 strain, Y1#351 strain,
Y 1#354 strain, Y2#731 strain, Y2#732 strain, and Y2#735 strain.

I1. Identification of plant disease resistance

[0090] The tested plants were: T3 generation plants of Y1#349 line, T3 generation plants of Y1#350 line, T3 generation
plants of Y1#351 line, T3 generation plants of Y1#354 line, T3 generation plants of Y2#731 line, T3 generation plants
of Y2#732 line, T3 generation plants of Y2#735 line, and the corn inbred line B73 plants.

1. Identification of gene expression level

[0091] The method was the same as 1 in step IV in Example 2.
[0092] The results are shown in Fig. 12.

2. ldentification of disease resistance

[0093] The method was the same as 2 in Step IV in Example 2.

[0094] The results are shown in Fig. 13. In Fig. 13, the parentheses indicate the number of plants.

[0095] The results show that compared with the corn inbred line B73 plants (control non-transgenic plants), the ex-
pression of ZmPK gene in the transgenic plants was significantly higher, and the disease index of the corresponding
transgenic plants was also significantly higher.

Example 7 Obtaining and identifying gene-edited plants

1. Construction of gene editing vector

[0096] A gene editing vector was prepared, that is, a recombinant plasmid was obtained by: inserting the double-
stranded DNA molecule shown in Sequence 16 in the sequence listing into the Bsal restriction site of the pBUE411
vector. The recombinant plasmid was verified by sequencing. The gene editing vector encoded two sgRNAs, the target
sequence binding region of one sgRNA is shown in Sequence 17 in the sequence listing, and the target sequence
binding region of the other sgRNA is shown in Sequence 18 in the sequence listing. The gene editing vector contained
the Cas9 gene and expressed the Cas9 protein.

1. Obtaining gene-edited plants

[0097]

1"
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1. The gene editing vector was introduced into Agrobacterium EHA105 to obtain recombinant Agrobacterium.

2. The recombinant Agrobacterium obtained in step 1 was taken, and the Agrobacterium-mediated method was
used to genetically transform the immature embryos of the corn inbred line B73 to obtain TO generation plants.

3. The plants with mutations in the target sequence were screened from the TO generation plants.

[0098] The specific method was as follows: the plant leaves were taken, the genomic DNA was extracted, a primer
pair composed of F and R was used for PCR amplification, and the PCR amplification product was recovered and
sequenced. The sequencing result was compared with the wild-type sequence (the wild-type sequence is shown in the
9599-10985 in Sequence 12 in the sequence listing), and plants with different sequences were screened.

F: 5-TTGAGGTCATTGTCTCAGCC-3’;
R: 5 -AGCAGCTTGGCAGCGTATG-3'.

[0099] 4. The TO generation plants screened in step 3 were taken, and used for selfing and then harvested to obtain
the seeds. The seeds were cultivated into plants, which were the T1 generation plants.
[0100] 5. The gene-edited plants were screened from T1 generation plants.

(1) The plants were subjected to PCR identification with the bar gene in the gene editing vector as the target. PCR
identification method was as follows: plant leaves were taken, genomic DNA was extracted, and the primer pair
containing bar-F and bar-R was used for PCR amplification. If no amplified product was obtained, the PCR identi-
fication result was negative.

(2) The plants with the target region of gene editing were identified as the target. The identification method was the
same as step 3.

[0101] If a plant is identified as negative by PCR in step (1), and the identification result in step (2) shows that it is
different from the wild-type sequence and is homozygous (and the two chromosomes are identical), the plant is a gene-
edited plant.

[0102] Two gene-edited plants were obtained, named ZmPK-KO#1 plant and ZmPK-KO#2 plant, respectively.
[0103] The sequencing results of step (2) of the two gene editing plants are shown in Fig. 14. Compared with B73,
two nucleotides were missing in the ZmPK-KO#1 plant, and a nucleotide was inserted into the ZmPK-KO#2 plant. Both
caused frameshift mutations.

[0104] 6. The gene-edited plants were taken, self-bred, and offspring plants were obtained, that is, the gene-edited
plants.

[0105] Two gene editing lines were obtained, and named ZmPK-KO#1 strain and ZmPK-KO#2 strain, respectively.

3. Identification of disease resistance of gene-edited plants

[0106] The tested plants were: T2 generation plants of ZmPK-KO#1 line, T2 generation plants of ZmPK-KO#2 line,
and corn inbred line B73 plants.

[0107] The method was the same as 2 in step IV in Example 2.

[0108] The results are shown in Fig. 15. In Fig. 15, the parentheses indicate the number of plants.

[0109] Compared with corn inbred line B73 plants, the disease index of gene-edited plants was significantly reduced.

Industrial applicability

[0110] The presentinvention provides a major gene ZmPK for resistance to gray leaf spot of corn. Through transgene
complementation, overexpression, CRISPR knockout and RNAi interference experiments, the gene’s anti-grey leaf spot
function-negative regulation of gray leaf spot resistance has been proved. The present invention has great application
value for the breeding of corn against gray leaf spot.

12
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<110>
<120>
<130>
<160> 19
<170>
<210> 1
<211>

<212>
<213>

DNA
Zea

<400> 1
gcaaatccat

ggecgettget
ccgtecaagg
gcggegeeeg
ggcegectge
ggggaccgeg
cgcaccccaa
tggtgattce
gaggggatte
ttaggtgttt
ttgggaggcg
tttecteccaa
agagaggtgg
tattatttecg
gettgtetge
cagttgececet
aaggttcctg
gctteectgt
ttcaaacata
ctgectgaact
agtatatttt

cagaatgtgt

agtctgaaaa

6946

GNPYX20003

mays L.

atgctcagcet
tectecteege
agggcgacgg
tgegegtgga
tecggeecacgg
ttgecgtcaa
gcecgecgege
gagcgegtcet
ggtgtaatte
cgattgggac
tttagectcaa
getttegttyg
tttecgacatt
ggaacgacgt

agaacgggga

actaataatt
tcgaagaaaa
cttectatget
tgtatactaa
gtcaaagtta
ggaaatgagt
cactagaaag

ttaggectgt
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SEQUENCE LISTING

PatentIn version 3.5

ccecgectect
ctectgeecgee
caagaagagg
gtteggcetac
ccagttegge
gecgeatcgac
tgtecectgte
ttggtctggt
cgtgcaaatt
gcgattggag
cgagtagcecte
tttgeecggtg
caggcatcte
gttgectcagt
aggtgetttt
tcaataagat
agtcaggaaa
ataggtggac
ccaacgecggt
cttcatgggg
gtttattgtg
ctgaattggt

tettggtaag

China Agricultural University

cccatecceeg
cccgeeggeg
cgeccgegecg
gagagggact
tacacctteg
aaggccaagg
tectgtetete
gcatcgaacc
ggggatttct
ccgttecattt
actcacattt
gttctgaget
ggatgaccte
gcgcacctca
catctggcta
tgecectgecte
gataacaatt
agcattttte
tttgattcca
caaaatgtca
tcattggaaa
gttgteettg

ggaaggaatc

13

gaccccggac
ccgeecgtega
ccggggeate
tegaggegeg
ccgecaccga
tgagctgeeg
ctactagtag
acttgtgett
cteectgttge
taggacattt
ctagetgttt
gecgggatcett
ttagtttgge
ttcatggaag
ttcatggaaa
cttgaatggt
gegeacttge
taggtataat
tcaaatgttt
aattttcectgg
tacegttecat
tcaaaaagge

tgagcatcaa

METHOD FOR CULTIVATING PLANT RESISTANT TO GRAY LEAF SPOT

cccggecatg
cgagcgecge
gcecggatgee
ctacgaggte
ccgeggetet
cctgeceece
tagtagetgg
ggtgcattte
tttecgaggt
ccggtgectt
ggcegcetteca
gacgttggce
actacagctce
tggcaaggtc
acgacttgtt
tggggcttgg
agtggacaac
taatttgace
tggactctcet
aaccttcecgt
gtgtctgtga
actaaacacg

tgectgatagg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380
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aatagactct
gaggcagata
aagccttgeca
tatggatgece
cagccaacgt
cgtcggaaca
aacatatcat
aagcctggtg
tcaacaccgt
atatggaccc
gcattagtgt
ctaggggact
tctagtaggt
tgagttttgt
ataatgatat
aactgcagag
ttcaaagcag
ctctacttgt
tttatcecett
caagttccaa
ttatgetttg
attgeccttgt
gatttatgcece
ggatgtgaaa
cttctacaat
atacacctgt
ttaacatgaa
ttatcaatta
atatattgga
taattcagaa

acgcacttct

gtctgtcaat
agtaggatac
ctgttaagtt
aataatatcg
gccattactg
cagtgagatg
tatcatgeccece
cattgttgag
tggatgcaga
ataggccaga
ggtcatcaat
ctagecatcct
caagggtcca
atggtgtttt
gcagctttee
gaacttgtta
tctetecaca
gggagactct
ccctataccee
cactgggtct
ttgccttcecac
tgectttecaca
aattaagatt
agagaagtga
gcatttgagg
tecectgetaat
caatatctat
ttectataget
cttttettte
ctctatcatg

tagataatat
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attgttaact
ctettttgat
aatgtggcat
acaccaagtg
aattttcata
gtaacgtaat
aagtgttttg
ggaaccagtt
tectatecgaac
ggatgtgaga
gggatcaaag
ggcgctceccaa
gttatttttt
ttecgaggttt
tgegtatteg
cattgttgag
tttatgtgga
ggcattgggt
acttgtcaga
gecectaggee
atatttteceg
tattttetgt
attattttat
agattcttaa
atgattcata
agagcatatc
cctgtttaca
aaaccagatg
aaacctgcat
tttaacattt

aacatcatct

tgtttatagg
catgatatat
cctttetaga
aacatcagtg
tgattattat
gaatcaaaat
tcattctate
cttetgecagt
ccagggactt
gttttaccte
atgagctcca
tettecatcee
ctttetgetg
ccccaaacct
agaaaagaaa
agttgtctca
aggcttgect
ctgtectatg
gectccaaca
gtcgaagegt
ttcgaaatca
tccacgtcecat
ataacagatg
agcacttaaa
cgtgtacatt
gattttgecta
gaatcctaga
caatcctgat
tttgaatttg
ttettgeatt

tccacagtca

14

gcttegagtt
aacatattct
gatcatgacc
tctgtggaat
attctgttta
aggctataaa
tttattegte
acttctaggg
tgtgecttececa
tctggaagtt
cctttggtgt
agtgaactct
taaagtctcect
cacctttttt
gttttatcte
ccgagtcace
cggtttatcece
ccgttgaage
ctgagtctge
tatatgattg
tectecttgtt
acttagaagt
acccgeccetg
ggacatcaga
gtgatggagt
tgactttttt
cactaaaatg
ttatttttet
attacaggga
gttctatgtt

ccattagtta

ttcaactttt
tatataccte
tcaagttgeca
atgccgaaag
gatttattta
catgcaattce
caagaaggac
aggtaaaaat
gtgaaaagtt
atatgcgecta
agagctggag
gttttttggg

agttaaggtg

ccttettaat
tectggaagtt
aggtcgetgg
cttceccaaga
gctaggtteg
cctaagette
ccatgtactg
gecttcacat
tagaacacgt
ttgectgtgga
atattgttca
aagtaggcce
ccctaaagtt
tcatttctaa
taacgtatgg
actataacac
tgtcaacttg

ggaccttgga

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240
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ccttecatggt
tgttectata
tatgtgaggg
tctetttgtt
atcagattge
ctttacttaa
tgcagtggta
tcaccgagat
gcatttggtg
cagaacttce
ttgtcagatt
ataggggcaa
aagttccatg
tctggtectg
aggcgccecctt
ttgecatacca
cgttttcage
agtgtttett
taattttact
ctactagcta
tcagatttet
aagtagtaaa
ctatgaccte
tatggctate
gcaatctttg
agcagcaata
aaatatcttt
atcttttcac
ggtcaagcat
gggccagget
agcctagtca

ctggcagtat

tcecgaaattt
tgeccagaace
cggtgaacta
tcecegtacet
tttatgttgt
tggtgtgegt
gtcegecaaa
atgaagcctg
atatttcact
ttttcaaatc
tcattaagcece
gtctgcagtt
acattgttgg
agtcagatgt
tttgggataa
tgtgcttaca
gtgectgatac
tgttaactat
attttgaaca
ccagaaacce
aatgttcagt
agtgetttge
aagaaaccaa
tgttttagtt
aggtcattgt
tggtttceccat
atgcatttta
ttectcataat
cagcccaggt
aacagctgcet
tgatgatcag

gectttecaat
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agctaagaat
aactcataag
ttagatcgga
cattecttege
ttgtetgett
gttttgacag
tgctcaaagt
aggtagaaat
acttecctcag
gaacaaggag
aggtatctac
tagectgacca
aagtgcttac
ttggagcata
gaccgaagac
tgtaaaatat
tgttttgtac
ttcagtgtca
ctgtaaacct
actttatgca
gttagacaga
acttttgtta
ggcattgcca
ttggacatct
ctcagccaaa
tttcattata
tcagcaagga
taggttctaa
gctaaagatt
caagctctct
attcacctte

cagttatgac

ggtatacatg
tcataagttt
ttttggcaaa
cattaaattt
tgtttgattt
aaagaatagc
agctgectgaa
caaatacttce
gtcatgtaag
gattcaccac
ttggggccat
ttttgttgte
tatgtecgcecac
ggagtcataa
ggtatattca
gecttggttag
aatgtgttte
aactatttgt
gectggtcag
ggtgttcagt
cttcattaag
acttttgagt
ttggaatage
gactcaactt
ataagttgeg
ccagcaactt
catgatacga
ggaacaagcce
ttgttaaaag
gtaagttttg
tectatgtgag

aatgtaaata

15

gtcatgtgat
tacecttgtgt
gtaagtagat
atagattttt
ctagttgcete
cgctatagtg
tgececatectge
aatctetttg
actgtaccta
taaaggcgac
ctgaatctgt
taatgecatge
cagaagtact
cctacatttt
aggaggtaag
agtgctgtac
tactttctac
cgtgtcacaa
gttatecette
ttaataacac
atgcacctta
ctgaagatga
taattcgaat
tataggataa
gtctettttt
ccaccttttt
tegtatatgt
tgattttegt
gttactagtg
gtatttttca
aacagagaac

tgcaaagace

ttcaaataga
ttttgecagge
aagatcccca
gtgctgtaaa
gttcaagate
agaaagatgc
gtgggttagt
cacacagtaa
ttttecttee
agattttggt
cgggaatctg
tttagggaag
aaaacgacgg
gctetgtggg
tggatggatt
cagggatcag
gtcatatage
ctcagecagta
agtaatttect
ccaccatctt
agatgattgt
cttgtggtac
gagcttcaga
tactatatta
tactgtecta
cttgectattt
gatattctac
aagaggcctt
aagaatccaa
ttaatttact
acatatacat

gatgtttttt

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160
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ctatcctgea
ttaattatgt
cgttettata
attgtgaatt
tgggtaagag
atgegtcagt
attacaaaaa
tcaggectetg
tgcaattgat
tgttagtgtt
ctgtgcatgt
gtgctggaga
ttacccecect
atcttatttt
ttgeggecaac
gectgecaage
aactcagaat
acagttcaca
atcatgagat
agtaatttat
aaacatgtte
agataacgcet
ttgaagggat
agcctgtecg
agggggeccce
cttaggaagt
gtttetggtt
aaatattcag
gcaagactcg

ttattataac

<210> 2

ccattttaga
cctggtecact
atgatctaat
actatcatct
aaggagggga
ttgtcaagta
acaacactge
gcgagcacce
atcgataaaa
tgetgatgaa
tteggtagge
ttattcaage
tgttteccaag
gtggtagatt
tctecatate
tgetttecagt
ggtaatttte
taacccttat
tcagtacttg
caatggaage
attgtttgtg
aatcggcagt
ctatcgagce
agttccgcecaa
caaaccctca
tgececatacaa
tttagecatce
tgetttettt

ccttettett

tgttegtege

EP 3 936 519 A1

acattaatgg
tgaaatgaac
aagtcagtgg
ttactgatce
agcatccgat
cageccegttte
atcgtttatt
ttaacgagga
gtggatcgat
aatgccttag
ccttgcaaag
agtaagtttg
aaaatagctg
gacagcaaca
caccagatgg
aagtttgate
tacteectgte
tatcatcact
cgcectgtge
gctgtaatat
ccaagaaatce
atcctaatcg
gctgetggag
gctectacgg
ggctctgtga
tagccatgtg
aggttatgtg
ttettteecgg
tcetttacac

aataaagtta

ggaaaaacca
atataccact
aggtttgcetg
tgattgttcet
atcececegteg
aagcaattcg
ttttectecac
agagctatca
tagtatcgag
atcctgaact
gatcttecect
agccttette
geettgttet
ctgatgggcet
cggagctcga
ttgacggtga
ttgtttececat
gcttececatg
acttggtttt
tttaatcage
cacttacaca
agattttett
gaggccgaca
acagcgagca
attcecggete
ttetttgggt
tgcagtgcag
aagagtgaga
tgtacagtga

tttggagaag

16

caatatatta
gaggttttet
ccecaccacce
tgatatgtta
acatatctgt
cgettegggt
aatatttcct
gatctgaagg
gaaatgecgte
actctgeggt
ggagattgaa
tggatccage
gagggtataa
cgtggactte
ctcagaaagg
tggatatate
gttgettcecac
aataactage
ggtceccgett
gtttagattt
gatactgaga
tcaaggtgca
tcgacaaaga
tgagcaacgt
ggccactagg
tettcagagt
cceccgagtga
ggtggaggtc

tactgaaata

tgagga

ggaaaaatgt

agttctcatg
ctacatttgt
agcacatccg
gttatcaaac
aattacagtg
cgtggcatgg
atcagtttga
atgtaggtte
gctgattaat
gggtccecegt
cctttetttg
ccaaaactge
aaggagtttg
tggggcatac
acgeccggagg
caacgaatge
tggctegace
gttagaatga
gataaagata
gttgcaccgt
gcaccctggg
cggcaagata
acccagccca
gaggagcaag
gccatgtgat
gtttecgaagt
aaaatggtag

tgtacgattt

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6946
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<211>
<212>
<213>

<400>

520
PRT

Zea mays

2

Met Gly Ala

1

Vval

Arg

Phe

Leu

65

Ser

Arg

Ala

Asp

Leu

145

Asp

His

Phe

Leu

Ser

Asp

Ala

Gly

50

Gly

Gly

Pro

Leu

Asp

130

Leu

Ala

Leu

Lys

Ser

210

Ala

Glu

Ala

35

Tyr

His

Asp

val

Lys

115

Ser

Asp

Ala

Arg

Ser

195

Asp

Tyr

Cys

Arg

20

Gly

Glu

Gly

Arg

Ala

100

Gly

Tyr

Arg

Val

Gly

180

Asn

Phe

Tyr

Phe

Arg

Ala

Arg

Gln

vVal

85

val

His

val

Ile

Val

165

Leu

Lys

Ile

val

Ser

Pro

Ser

Asp

Phe

70

Ala

Glu

Gln

Tyr

Leu

150

Val

val

Glu

Lys

Ala

EP 3 936 519 A1

Ser

Ser

Pro

Phe

55

Gly

VvVal

Asp

Asn

Ile

135

Ala

Arg

His

Asp

Pro

215

Pro

Ala Ser

Lys Glu
25

Asp Ala
40

Glu Ala

Tyr Thr

Lys Arg

Val Lys

105

Ile Val
120

Val Met

Lys Lys

Gln Met

Arg Asp

185

Ser Pro
200

Gly Lys

Glu Vval

17

Ala

10

Gly

Ala

Arg

Phe

Ile

90

Arg

His

Glu

Asn

Leu

170

Met

Leu

Lys

Leu

Ala

Asp

Ala

Tyr

Ala

75

Asp

Glu

Phe

Leu

Ser

155

Lys

Lys

Lys

Phe

Lys

Pro

Gly

Pro

Glu

60

Ala

Lys

Vval

Tyr

Cys

140

Arg

Val

Pro

Ala

His

220

Arg

Ala

Lys

Vval

45

Val

Thr

Ala

Lys

Asn

125

Glu

Tyr

Ala

Glu

Thr

205

Asp

Arg

Gly

Lys

30

Arg

Gly

Asp

Lys

Ile

110

Ala

Gly

Ser

Ala

Asn

190

Asp

Ile

Ser

Ala

15

Arg

Vval

Arg

Arg

Met

95

Leu

Phe

Gly

Glu

Glu

175

Phe

Phe

Vval

Gly

Ala

Arg

Glu

Leu

Gly

Thr

Lys

Glu

Glu

Lys

160

Cys

Leu

Gly

Gly

Pro
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225

Glu

Gly

Vval

Ser

Arg

305

Glu

Asn

Arg

Asp

Glu

385

Gly

Gly

Gln

Ala

Glu
465

Ser

Arg

Leu

Pro

290

Ala

Gly

Met

Ala

Gln

370

Glu

Pro

Leu

Met

Phe

450

Leu

Asp

Arg

Arg

275

Gly

Arg

Gly

Arg

Leu

355

Phe

Met

Arg

Val

Ala

435

Ser

Arg

Val

Pro

260

Asn

Ala

Leu

Glu

Gln

340

Ala

Asp

Arg

Val

Asp

420

Glu

Lys

Met

Trp

245

Phe

Lys

Lys

Thr

Ala

325

Phe

Ser

Ala

His

Leu

405

Phe

Leu

Phe

His

230

Ser

Trp

Pro

Asp

Ala

310

Ser

Val

Thr

Ile

Ala

390

Glu

Lys

Asp

Asp

Pro
470

EP 3 936 519 A1

Ile

Asp

Asp

Phe

295

Ala

Asp

Lys

Leu

Asp

375

Leu

Ile

Glu

Ser

Leu

455

Gly

Gly

Lys

Phe

280

Val

Gln

Ile

Tyr

Asn

360

Ile

Ala

Ile

Phe

Glu

440

Asp

Leu

Val

Thr

265

Arg

Lys

Ala

Pro

Ser

345

Glu

Asp

Lys

Gln

Val

425

Arg

Gly

Lys

18

Ile

250

Glu

Lys

Arg

Leu

Val

330

Arg

Glu

Lys

Asp

Ala

410

Ala

Trp

Asp

Gly

235

Thr

Asp

Arg

Leu

Ser

315

Asp

Phe

Glu

Ser

Leu

395

Ile

Ala

Gly

Gly

Ser
475

Tyr

Gly

Pro

Leu

300

His

Ile

Lys

Leu

Gly

380

Pro

Asp

Thr

Ile

Tyr

460

Ile

Ile

Ile

Trp

285

Val

Pro

Ser

Gln

Ser

365

Ser

Trp

Ser

Leu

Arg

445

Ile

Glu

Leu

Phe

270

Ser

Lys

Trp

Val

Phe

350

Asp

Ile

Arg

Asn

His

430

Cys

Thr

Pro

Leu

255

Lys

Ser

Asn

val

Leu

335

Ala

Leu

Ser

Leu

Thr

415

Ile

Gln

Pro

Leu

240

Cys

Glu

Ile

Pro

Arg

320

Ser

Leu

Lys

Ile

Lys

400

Asp

His

Ala

Glu

Leu
480
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Glu Glu Ala Asp

Arg Lys Leu Leu

Gly Pro Pro Asn
515

<210> 3
<211>
<212>
<213>

DNA
Zea

<400> 3
aaatccatat

cgettgette
gtccaaggag
ggcgecegtg
ccgectgete
ggaccgegtt
ggatgtgaaa
cttctacaat
cggtgaacta
tgcagtggta
tcaccgagat
aaaggcgaca
tgttggaagt
agatgtttgg
ggataagacc
gaggeccttgg
gaatccaagg
aggggaagca
caagtacage
agagctatca
tagtatcgag
ccgtgtgetg

ggagtttgtt

1934

485

500

mays L.

gctcagcetcece
tecteecgect
ggcgacggca
cgegtggagt
ggccacggcece
gcegtcaage
agagaagtga
gcatttgagg
ttagatcgga
gtecegecaaa
atgaagcctg
gattttggtt
gcttactatg
agcataggag
gaagacggta
tcaagcatca
gccaggctaa
tcegatatcee
cgtttcaage
gatctgaagg
gaaatgcgte
gagattatte

gcggcaacte

EP 3 936 519 A1

Pro Gln Ala Leu

520

cgectectee
ctgecegeccee
agaagaggcg
tecggetacga
agttcggceta
gcatcgacaa
agattcttaa
atgattcata
ttttggcaaa
tgctcaaagt
agaacttcct
tgtcagattt
tecgecaccaga
tcataaccta
tattcaagga
geccecaggtge
cagctgctca
ccgtegacat
aattecgecget
atcagtttga
atgececcttge
aagcaattga

tcecatatcecca

490

505

catccececgga
cgeccggegee
ccgegecgee
gagggactte
caccttecgee
ggccaagatg
agcacttaaa
cgtgtacatt
aaagaatagce
agctgectgaa
tttcaaatcg
cattaagcca
agtactaaaa
cattttgete
ggttctaagg
taaagatttt
agctctctceca
atctgtgtta
tecgggetetg
tgcaattgat
aaaggatctt
cagcaacact

ccagatggeg

19

510

cceccggaccee
gecgtegacg
ggggcatcge
gaggcgcegcet
gccaccgace
acccgecctg
ggacatcaga
gtgatggage
cgctatagtg
tgececatcectge
aacaaggagg
gggaagaagt
cgacggtctg
tgtgggagge
aacaagcctg
gttaaaaggt
catcegtggg
tcaaacatge
gcgagcacce
atcgataaaa
ccctggagat
gatgggctcg

gagctcgact

Ile Asp Lys Asp Gly Lys Ile Ser Leu Ser Glu Phe

495

Arg Thr Ala Ser Met Ser Asn Val Pro Ser Pro Arg

cggcecatggg
agecgccgecce
cggatgecege
acgaggtcgg
geggetetgg
ttgetgtgga
atattgttca
tatgtgaggg
agaaagatgc
gtgggttagt
attcaccact
tccatgacat
gtectgagte
gcecetttttg
attttegtaa
tactagtgaa
taagagaagg
gtcagtttgt
ttaacgagga
gtggatcgat
tgaagggtcce
tggacttcaa

cagaaaggtg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380
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gacggtgatg
atcgageccge
tteecgecaage
aaccctcagg
ccatacaata
tagcatccag
ctttettttt
ttettettte

ttegtegeaa

Pro Ala

Gly Lys

30

Vval
45

Pro

Glu
60

Val

Gly

Lys

Arg Val

Gly

gatatatcac
tgetggagga
tecectacggac
ctctgtgaat
gccatgtgtt

gttatgtgtg

cttteecggaa
ctttacactg

taaagttatt

Ala
15

Ala

Arg

Arg

Glu

Arg Leu

gggcatacge tgccaagetg ctttcagtaa gtttgatett
gcecggaggaa ctcagaatge acecctgggtt gaagggatcet
ggccgacatc gacaaagacg gcaagataag cctgtcecgag
agcgagcatg agcaacgtac ccagcccaag ggggccccca
teceggetegg ccactaggga ggagcaaget taggaagttg
ctttgggtte ttcagagtge catgtgatgt ttetggtttt
cagtgcagce ccgagtgagt ttcgaagtaa atattcagtg
gagtgagagg tggaggtcaa aatggtaggc aagactcgcece
tacagtgata ctgaaatatg tacgattttt attataactg
tggagaagtg agga
<210> 4
<211> 522
<212> PRT
<213> Zea mays L.
<400> 4
Met Gly Ala Cys Phe Ser Ser Ala Ser Ala Ala
1 5 10
Val Asp Glu Arg Arg Pro Ser Lys Glu Gly Asp
20 25
Arg Ala Ala Gly Ala Ser Pro Asp Ala Ala Ala
35 40
Phe Gly Tyr Glu Arg Asp Phe Glu Ala Arg Tyr
50 55
Leu Gly His Gly Gln Phe Gly Tyr Thr Phe Ala
65 70 75
Ser Gly Asp Arg Val Ala Val Lys Arg Ile Asp
85 90
Arg Pro Val Ala Val Glu Asp Val Lys Arg Glu
100 105
Ala Leu Lys Gly His Gln Asn Ile Val His Phe
115 120
Asp Asp Ser Tyr Val Tyr Ile Val Met Glu Leu
130 135

20

Ala

Lys

Vval

Tyr

Cys
140

Thr

Ala

Lys

Asn

125

Glu

Asp

Lys

Ile

110

Ala

Gly

Arg

Met

95

Leu

Phe

Gly

Gly

80

Thr

Lys

Glu

Glu

1440

1500

1560

1620

1680

1740

1800

1860

1920

1934
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Leu

145

Asp

His

Phe

Leu

Ser

225

Glu

Gly

Val

Ser

Arg

305

Glu

Asn

Asp

Glu

Leu

Ala

Leu

Lys

Ser

210

Ala

Ser

Arg

Leu

Pro

290

Ala

Gly

Met

Ala

Gln

370

Glu

Asp

Ala

Arg

Ser

195

Asp

Tyr

Asp

Arg

Arg

275

Gly

Arg

Gly

Arg

Leu

355

Phe

Met

Arg

Val

Gly

180

Asn

Phe

Tyr

Val

Pro

260

Asn

Ala

Leu

Glu

Gln

340

Ala

Asp

Arg

Ile

Vval

165

Leu

Lys

Ile

Val

Trp

245

Phe

Lys

Lys

Thr

Ala

325

Phe

Ser

Ala

His

Leu

150

Val

Val

Glu

Lys

Ala

230

Ser

Trp

Pro

Asp

Ala

310

Ser

Val

Thr

Ile

Ala

EP 3 936 519 A1

Ala

Arg

His

Asp

Pro

215

Pro

Ile

Asp

Asp

Phe

295

Ala

Asp

Lys

Leu

Asp

375

Leu

Lys

Gln

Arg

Ser

200

Gly

Glu

Gly

Lys

Phe

280

Val

Gln

Ile

Tyr

Asn

360

Ile

Ala

Lys

Met

Asp

185

Pro

Lys

Val

Val

Thr

265

Arg

Lys

Ala

Pro

Ser

345

Glu

Asp

Lys

21

Asn

Leu

170

Met

Leu

Lys

Leu

Ile

250

Glu

Lys

Arg

Leu

Val

330

Arg

Glu

Lys

Asp

Ser

155

Lys

Lys

Lys

Phe

Lys

235

Thr

Asp

Arg

Leu

Ser

315

Asp

Phe

Glu

Ser

Leu

Arg

Vval

Pro

Ala

His

220

Arg

Tyr

Gly

Pro

Leu

300

His

Ile

Lys

Leu

Gly

380

Pro

Tyr

Ala

Glu

Thr

205

Asp

Arg

Ile

Ile

Trp

285

Val

Pro

Ser

Gln

Ser

365

Ser

Trp

Ser

Ala

Asn

190

Asp

Ile

Ser

Leu

Phe

270

Ser

Lys

Trp

vVal

Phe

350

Asp

Ile

Arg

Glu

Glu

175

Phe

Phe

Val

Gly

Leu

255

Lys

Ser

Asn

Val

Leu

335

Ala

Leu

Ser

Leu

Lys

160

Cys

Leu

Gly

Gly

Pro

240

Cys

Glu

Ile

Pro

Arg

320

Ser

Leu

Lys

Ile

Lys
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385

Gly Pro Arg

Gly Leu Val

Gln Met Ala
435

Ala Phe
450

Ser

Glu Leu Arg
465

Leu Leu Glu

Glu Phe Arg

Pro Arg Gly
515

<210> 5

<211> 1940
<212> DNA
<213>

<400> 5
aaatccatat

cgettgette
gtccaaggag
ggcgeeegtg
ccgectgete
ggaccgegtt
ggatgtgaaa
cttctacaat
cggtgaacta
tgcagtggta

tcaccgagat

EP 3 936 519 A1

390

val
405

Asp Phe
420

Glu Leu Asp

Lys

Met Val

Leu Glu

Lys

Gln His

Ile Ile

440

455

Pro

470

Glu Ala Asp

485

Lys
500

Pro Pro Asn Pro

Zea mays L.

gctcagetcece
tecectecgecect
ggcgacggca
cgegtggagt
ggccacggcece
gececgtcaage
agagaagtga
gcatttgagg
ttagatcgga
gtecegecaaa

atgaagcctg

Leu Leu Arg Thr Ala
505

520

cgectectee
ctgecgececee
agaagaggcg
tecggetacga
agttecggceta
gcatcgacaa
agattcttaa
atgattcata
ttttggcaaa
tgctcaaagt

agaacttcct

Gln Ala

395

Ile
410

Glu Phe Val Ala Ala

425

Ser Glu Arg Trp Gly

Phe Asp Leu Asp Gly Asp Gly

Gly Leu Lys

475

Ile Asp Lys Asp Gly

490

Ser Met

Gln Ala Leu

catccecegga
cgececggegece
ccgegecgee
gagggactte
caccttegee
ggccaagatg
agcacttaaa
cgtgtacatt
aaagaatage
agctgctgaa

tttcaaatcg

22

Asp Ser Asn

Thr Leu His
430

Ile Arg Cys
445

Tyr Ile Thr

460

Gly Ser Ile

Lys Ile Ser

Ser Asn Val
510

cceecggaccee
gcegtcegacg
ggggecatcge
gaggecgeget
gccaccgace
accecgecctg
ggacatcaga
gtgatggage
cgctatagtg
tgccatectge

aacaaggagg

400

Thr Asp
415

Ile His

Gln Ala

Pro Glu

Glu Pro
480

Leu Ser

495

Pro Ser

cggccatggg
agcgcegece
cggatgecege
acgaggtcgg
gceggetcetgg
ttgetgtgga
atattgttca
tatgtgaggg
agaaagatge

gtgggttagt

attcaccact

60

120

180

240

300

360

420

480

540

600

660
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aaaggcgaca
tgttggaagt
agatgtttgg
ggataagace
gaggccttgg
gaatccaagg
aggggaagca
caagtacagce
agagctatca
tagtatcgag
ccgtgtgetg
ggagtttgtt
gggcatacge
gccggaggaa
ggaggaggcec
acggacagcg
gtgaattccg
tgtgttettt
tgtgtgcagt
ccggaagagt
acactgtaca
gttatttgga
<210> 6

<211>

<212>
<213>

DNA
Zea

<400> 6
gcaaatccat

ggecgettget
ccgtecaagg
gcggegeccg
ggccgectge

ggggaccgceg

6946

gattttggtt
gcttactatg
agcataggag
gaagacggta
tcaagcatca
gccaggctaa
tececgatatcee
cgtttecaage
gatctgaagg
gaaatgcgte
gagattatte
gecggecaacte
tgccaagetg
ctcagaatgg
gacatcgaca
agcatgagca
gcteggecac
gggttetteca
gcagccccga
gagaggtgga
gtgatactga

gaagtgagga

mays L.

atgctcaget
tetectecge
agggcgacgg
tgcgegtgga
teggecacgg

ttgcegtcaa

EP 3 936 519 A1

tgtcagattt
tecgecaccaga
tcataaccta
tattcaagga
gcccaggtge
cagctgetca
ccgtegacat
aattcgecget
atcagtttga
atgececettge
aagcaattga
tccatatcceca
ctttcagtaa
tgcagcaccce
aagacggcaa
acgtacccag
tagggaggag
gagtgccatg
gtgagtttcg
ggtcaaaatg

aatatgtacg

ccegectect
ctectgecgee
caagaagagg
gtteggetac

ccagttegge

gcgecatcgac

cattaagcca
agtactaaaa
cattttgete
ggttctaagg
taaagatttt
agctctcteca
atctgtgtta
tegggetcetg
tgcaattgat
aaaggatctt
cagcaacact
ccagatggeg
gtttgatett
tgggttgaag
gataagcctg
cccaaggggg
caagcttagg
tgatgtttet
aagtaaatat
gtaggcaaga

atttttatta

ccecatcececg
ccecgeecggeg
cgececgegecyg
gagagggact
tacacctteg

aaggccaagg

23

gggaagaagt
cgacggtctg
tgtgggagge
aacaagcctg
gttaaaaggt

catccgtggg

tcaaacatge
gcgagcacce
atcgataaaa
ccctggagat
gatgggctcg
gagctcecgact
gacggtgatg
ggatctatcg
tecgagttee
ccecccaaace
aagttgccat
ggtttttage
tcagtgettt
ctecgeettet

taactgtteg

gaccccggac
ccgecgtega
ccggggeate
tecgaggecgeg
ccgeccaccga

tgagectgeeg

tccatgacat
gtectgagte
gcectttttg
attttegtaa
tactagtgaa
taagagaagg
gtcagtttgt
ttaacgagga
gtggatcgat
tgaagggtcce
tggacttcaa
cagaaaggtg
gatatatcac
ageccgetget
gcaagctcct
ctcaggcetcet
acaatagcca
atccaggtta
ctttttettt
tectttecttt

tcgcaataaa

cceggecatg
cgagcgecge
gcecggatgee
ctacgaggte
ccgeggetet

cctgeececee

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1940

60

120

180

240

300

360
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cgcaccccaa
tggtgattce
gaggggatte
ttaggtgttt
ttgggaggcg
tttcteeccaa
agagaggtgg
tattattteg
gcttgtetge
cagttgccct
aaggttecctg
gctteectgt
ttcaaacata
ctgectgaact
agtatatttt
cagaatgtgt
agtctgaaaa
aatagactcet
gaggcagata
aagccttgceca
tatggatgee
cagccaacgt
cgtcggaaca
aacatatcat
aagcctggtg
tcaacaccgt
atatggaccce
gcattagtgt
ctaggggact
tctagtaggt
tgagttttgt

ataatgatat

gcecgecgege
gagcgcegtet
ggtgtaatte
cgattgggac
tttagctcaa
gctttegttg
tttegacatt
ggaacgacgt
agaacgggga
actaataatt
tcgaagaaaa
cttectatget
tgtatactaa
gtcaaagtta
ggaaatgagt
cactagaaag
ttaggecectgt
gtectgtecaat
agtaggatac
ctgttaagtt
aataatatcg
gccattactg
cagtgagatg
tatcatgecce
cattgttgag
tggatgcaga
ataggccaga
ggtcatcaat
ctagcatcct
caagggtcca
atggtgtttt

gcagcetttee

EP 3 936 519 A1

tgtecectgte
ttggtetggt
cgtgcaaatt
gcgattggag
cgagtagcte
tttgceggtyg
caggcatctce
gttgetecagt
aggtgetttt
tcaataagat
agtcaggaaa
ataggtggac
ccaacgcggt
cttcatgggg
gtttattgtg
ctgaattggt
tettggtaag
attgttaact
ctecttttgat
aatgtggcat
acaccaagtg
aattttcata
gtaacgtaat
aagtgttttg
ggaaccagtt
tctatcecgaac
ggatgtgaga
gggatcaaag
ggcgetcecaa
gttatttttt
ttecgaggttt

tgegtatteg

tetgtetete
gcatecgaace
agggatttct
ccgtteattt
actcacattt
gttctgaget
ggatgaccte
gecgecacctca
catctggcta
tgectgecte
gataacaatt
agcattttte
tttgattcca
caaaatgtca
tcattggaaa
gttgtecettg
ggaaggaatc
tgtttatagg
catgatatat
cctttetaga
aacatcagtg
tgattattat
gaatcaaaat
tcattctate
cttetgcagt
ccagggactt
gttttaccte
atgagctcca
tecttecatee
ctttetgetg
ccccaaacct

agaaaagaaa

24

ctactagtag
acttgtgett
ctecetgttge
taggacattt
ctagectgttt
gecgggatcett
ttagtttgge
ttecatggaag
ttcatggaaa
cttgaatggt
gegecacttge
taggtataat
tcaaatgttt
aattttetgg
tacegttecat
tcaaaaagge
tgagcatcaa
gecttegagtt
aacatattct
gatcatgacc
tetgtggaat
attectgttta
aggctataaa
tttattegte
acttctaggg
tgtgecttceca
tectggaagtt
cctttggtgt
agtgaactct
taaagtctcet
cacctttttt

gttttatecte

tagtagetgg
ggtgecattte
tttecgaggt
ccggtgectt
ggcecgetteca
gacgttggce
actacagctce
tggcaaggte
acgacttgtt
tggggcttgg
agtggacaac
taatttgace
tggactctcet
aacctteccgt
gtgtctgtga
actaaacacg
tgectgatagg
ttcaactttt
tatatacctce
tcaagttgca
atgccgaaag
gatttattta
catgcaattc
caagaaggac
aggtaaaaat
gtgaaaagtt
atatgecgeta
agagctggag
gttttttggg

agttaaggtg

ccttettaat

tetggaagtt

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280
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aactgcagag
ttcaaagcag
ctctacttgt
tttatccecctt
caagttccaa
ttatgetttg
attgecettgt
gatttatgee
ggatgtgaaa
cttctacaat
atacacctgt
ttaacatgaa
ttatcaatta
atatattgga
taattcagaa
acgcacttct
ccttecatggt
tgttectata
tatgtgaggg
tectetttgtt
atcagattge
ctttacttaa
tgcagtggta
tcaccgagat
gecatttggtg
cagaacttce
ttgtcagatt
ataggggcaa
aagttccatg
tetggtectg

aggcgccctt

gaacttgtta
tctetecaca
gggagactct
ccctataccee
cactgggtct
ttgecttecac
tgectttecaca
aattaagatt
agagaagtga
gcatttgagg
tecetgetaat
caatatctat
ttectataget
cttttettte
ctctatcatg
tagataatat
teccgaaattt
tgccagaace
cggtgaacta
teceegtacet
tttatgttgt
tggtgtgegt
gtcegecaaa
atgaagcctg
atatttcact
ttttcaaatce
tcattaagcece
gtctgecagtt
acattgttgg
agtcagatgt

tttgggataa
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cattgttgag
tttatgggga
ggcattgggt
acttgtcaga
geccctaggece
atatttteceg
tattttetgt
attattttat
agattcttaa
atgattcata
agagcatatce
cctgtttaca
aaaccagatg
aaacctgcecat
tttaacattt
aacatcatct
agctaagaat
aactcatgag
ttagatcgga
cattcttege
ttgtectgett
gttttgacag
tgctcaaagt
aggtagaaat
acttcctcecag
gaacaaggag
aggtatctac
tagctgacca
aagtgcttac
ttggagcata

gaccgaagac

agttgtctca
aggcttgect
ctgtecctatg
gectccaaca
gtcgaagegt
ttcgaaatca
tccacgtceat
ataacagatg
agcacttaaa
cgtgtacatt
gattttgcta
gaatcctaga
caatcctgat
tttgaatttg
ttettgecatt
teccacagtca
ggtatacatg
tcataagttt
ttttggcaaa
cattaaattt
tgtttgattt
aaagaatagc
agctgctgaa
caaatacttc
gtcatgtaag
gattcaccac
ttggggccat
ttttgttgte
tatgtecgcecac
ggagtcataa

ggtatattca

25

ccgagtcace
cggtttatce
cecgttgaage
ctgagtctge
tatatgattg
tectecttgtt
acttagaagt
acccgecctg
ggacatcaga
gtgatggagt
tgactttttt
cactaaaatg
ttatttttet
attacaggga
gttctatgtt
ccattagtta
gtcatgtgat
tacecttgtgt
gtaagtagat
atagattttt
ctagttgete
cgctatagtg
tgcecatetge
aatctetttg
actgtaccta
taaaggcgac
ctgaatctgt
taatgecatge
cagaagtact
cctacatttt

aggaggtaag

aggtegetgg
cttececcaaga
gctaggtteg
cctaagette
ccatgtactg
geccttcacat
tagaacacgt
ttgectgtgga
atattgttca
aagtaggccce
ccctaaagtt
tcatttctaa
taacgtatgg
actataacac
tgtcaacttg
ggaccttgga
ttcaaataga
ttttgecagge
aagatcccca
gtgctgtaaa
gttcaagatce
agaaagatgce
gtgggttagt
cacacagtaa
tttteecttece
agattttggt
cgggaatctg
tttagggaag
aaaacgacgg

gctctgtggg

tggatggatt

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140



10

15

20

25

30

35

40

45

50

55

ttgcatacca
cgttttecage
agtgtttett
taattttact
ctactagcta
tcagatttcect
aagtagtaaa
ctatgaccte
tatggctate
gcaatctttg
agcagcaata
aaatatcttt
atcttttcac
ggtcaagcat
gggccaggcet
agcctagtca
ctggcagtat
ctatecctgea
ttaattatgt
cgttettata
attgtgaatt
tgggtaagag
atgecgtcagt
attacaaaaa
tcaggectetg
tgcaattgat
tgttagtgtt
ctgtgcatgt
gtgctggaga
ttaccccect
atcttatttt

ttgeggeaac

tgtgettaca
gtgctgatac
tgttaactat
attttgaaca
ccagaaacce
aatgttcagt
agtgetttge
aagaaaccaa
tgttttagtt
aggtcattgt
tggtttcececat
atgcatttta
ttctcataat
cagcccaggt
aacagctgcet
tgatgatcag
gcectttcecaat
ccattttaga
cctggtecact
atgatctaat
actatcatct
aaggagggga
ttgtcaagta
acaacactge
gcgagcacce
atcgataaaa
tgectgatgaa
tteggtagge
ttattcaage
tgtttccaag

gtggtagatt

tctecatate
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tgtaaaatat
tgttttgtac
ttcagtgtca
ctgtaaacct
actttatgeca
gttagacaga
acttttgtta
ggcattgecca
ttggacatct
ctcagccaaa
tttcattata
tcagcaagga
taggttctaa
gctaaagatt
caagctctcet
attcacctte
cagttatgac
acattaatgg
tgaaatgaac
aagtcagtgg
ttactgatce
agcatccgat
cageccgttte
atcgtttatt
ttaacgagga
gtggatcgat
aatgccttag
ccttgcaaag
agtaagtttg
aaaatagctg
gacagcaaca

caccagatgg

gettggttag
aatgtgttte
aactatttgt
gcctggtcecag
ggtgttcagt
cttcattaag
acttttgagt
ttggaatage
gactcaactt
ataagttgcg
ccagcaactt
catgatacga
ggaacaagcc
ttgttaaaag
gtaagttttg
tctatgtgag
aatgtaaata
ggaaaaacca
atataccact
aggtttgetg
tgattgttet
atccecegteg
aagcaattcg
ttttectcac
agagctatca
tagtatcgag
atcctgaact
gatcttcect
agecttette
gccttgttet
ctgatgggct

cggagctcga

26

agtgctgtac
tactttctac
cgtgtcacaa
gttatcette
ttaataacac
atgcacctta
ctgaagatga
taattecgaat
tataggataa
gtctettttt
ccaccttttt
tegtatatgt
tgattttegt
gttactagtg
gtattttteca
aacagagaac
tgcaaagacc
caatatatta
gaggttttet
cccaccacce
tgatatgtta
acatatctgt
cgettegggt
aatatttccect
gatctgaagg
gaaatgegtce
actctgecggt
ggagattgaa
tggatccage
gagggtataa
cgtggactte

ctcagaaagg

cagggatcag
gtcatatage
ctcagcagta
agtaatttct
ccaccatctt
agatgattgt
cttgtggtac
gagcttcaga
tactatatta
tactgteccta
cttgectattt
gatattctac
aagaggcctt
aagaatccaa
ttaatttact
acatatacat
gatgtttttt
ggaaaaatgt
agttctcatg
ctacatttgt
agcacatccg
gttatcaaac
aattacagtg
cgtggecatgg
atcagtttga
atgtaggttce
gctgattaat
gggtecceegt
cctttetttg
ccaaaactge
aaggagtttg

tggggecatac

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060
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gctgeccaage
aactcagaat
acagttcaca
atcatgagat
agtaatttat
aaacatgtte
agataacgct
ttgaagggat
agcctgtceceg
agggggeccce
cttaggaagt
gtttectggtt
aaatattcag
gcaagactcg
ttattataac
<210> 7

<211> 520
<212> PRT
<213> Zea

<400> 7

Met Gly Ala

1

Val Asp

Arg Ala

35

Phe Gly

50

Leu
65

Gly

Ser Gly

Glu

Ala

Tyr

His

Asp

tgetttecagt
ggtaatttte
taacccttat
tcagtacttg
caatggaagce
attgtttgtg

aatcggcagt

ctatecgagcece
agttcecgecaa
caaaccctca
tgccatacaa
tttagcatce
tgetttettt

cecttettett

tgttegtege

mays L.

Cys Phe Se

Arg
20

Arg

Gly Ala Se

Glu Arg As

Gly Gln

70

Val
85

Arg Al

Pro

Phe

EP 3 936 519 A1

aagtttgatce
tactecctgte
tatcatcact
cgeecctgtge
gctgtaatat
ccaagaaatc
atcctaatceg
gctgctggag
gctectacgg
ggctctgtga
tagccatgtg
aggttatgtg
ttetttecgg
teectttacac

aataaagtta

r Ser Ala

Ser Lys

r Pro Asp

40

p Phe Glu

55

Gly Tyr

a Val Lys

Ser

Glu

25

Ala

Ala

Thr

Arg

ttgacggtga
ttgttteccat
gctteccatg
acttggtttt
tttaatcage
cacttacaca
agattttett
gaggccgaca
acagcgagca
attececggete
ttetttgggt
tgcagtgcag
aagagtgaga
tgtacagtga

tttggagaag

Ala
10

Ala

Gly Asp

Ala Ala

Arg Tyr

Phe Ala

75

Ile
20

Asp

27

tggatatate
gttgecttcac
aataactagce
ggtccecgett
gtttagattt
gatactgaga
tcaaggtgceca
tcgacaaaga
tgagcaacgt
ggccactagg
tettcagagt
ccccgagtga
ggtggaggte

tactgaaata

tgagga

Pro Ala

Gly Lys Lys

30

Val
45

Pro

Glu
60

Val

Ala Thr

Lys Ala Lys

Gly

Arg

Gly

Asp

acgccggagg
caacgaatgce
tggctegace
gttagaatga
gataaagata
gttgcaccgt
gcacactggg
cggcaagata
acccagccca
gaggagcaag
gccatgtgat
gtttcgaagt
aaaatggtag

tgtacgattt

Ala
15

Ala

Arg Arg

Val Glu

Arg Leu

Arg Gly

80

Met Thr

95

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6946
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Arg

Ala

Asp

Leu

145

Asp

His

Phe

Leu

Ser

225

Glu

Gly

Val

Ser

Arg

305

Glu

Asn

Pro

Leu

Asp

130

Leu

Ala

Leu

Lys

Ser

210

Ala

Ser

Arg

Leu

Pro

290

Ala

Gly

Met

Val

Lys

115

Ser

Asp

Ala

Arg

Ser

195

Asp

Tyr

Asp

Arg

Arg

275

Gly

Arg

Gly

Arg

Ala

100

Gly

Tyr

Arg

val

Gly

180

Asn

Phe

Tyr

val

Pro

260

Asn

Ala

Leu

Glu

Gln
340

Val

His

val

Ile

Val

165

Leu

Lys

Ile

val

Trp

245

Phe

Lys

Lys

Thr

Ala

325

Phe

Glu

Gln

Tyr

Leu

150

val

val

Glu

Lys

Ala

230

Ser

Trp

Pro

Asp

Ala

310

Ser

Val

EP 3 936 519 A1

Asp

Asn

Ile

135

Ala

Arg

His

Asp

Pro

215

Pro

Ile

Asp

Asp

Phe

295

Ala

Asp

Lys

Val

Ile

120

VvVal

Lys

Gln

Arg

Ser

200

Gly

Glu

Gly

Lys

Phe

280

val

Gln

Ile

Tyr

Lys

105

Vval

Met

Lys

Met

Asp

185

Pro

Lys

Val

val

Thr

265

Arg

Lys

Ala

Pro

Ser
345

28

Arg

His

Glu

Asn

Leu

170

Met

Leu

Lys

Leu

Ile

250

Glu

Lys

Arg

Leu

Val

330

Arg

Glu

Phe

Leu

Ser

155

Lys

Lys

Lys

Phe

Lys

235

Thr

Asp

Arg

Leu

Ser

315

Asp

Phe

Val

Tyr

Cys

140

Arg

Val

Pro

Ala

His

220

Arg

Tyr

Gly

Pro

Leu

300

His

Ile

Lys

Lys

Asn

125

Glu

Tyr

Ala

Glu

Thr

205

Asp

Arg

Ile

Ile

Trp

285

val

Pro

Ser

Gln

Ile

110

Ala

Gly

Ser

Ala

Asn

190

Asp

Ile

Ser

Leu

Phe

270

Ser

Lys

Trp

Vval

Phe
350

Leu

Phe

Gly

Glu

Glu

175

Phe

Phe

Val

Gly

Leu

255

Lys

Ser

Asn

Vval

Leu

335

Ala

Lys

Glu

Glu

Lys

160

Cys

Leu

Gly

Gly

Pro

240

Cys

Glu

Ile

Pro

Arg

320

Ser

Leu
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Arg Ala Leu
355

Asp Gln Phe
370

Glu Glu Met
385

Gly Pro Arg Val Leu Glu Ile

Gly Leu Val

Gln Met Ala
435

Ala Phe Ser
450

Glu Leu Arg Met His

465

Glu Glu Ala

Arg Lys Leu

Gly Pro Pro
515

<210> 8

<211> 1936
<212> DNA
<213>

<400> 8
aaatccatat

cgecttgette
gtccaaggag
ggcgecccgtg
ccgectgete

ggaccgegtt

EP 3 936 519 A1

Ala Ser Thr Leu Asn Glu Glu Glu

Asp Ala Ile Asp Ile Asp Lys

360

Ser
375

Arg His Ala Leu Ala Lys Asp Leu

390

405

395

Ile Gln Ala Ile
410

Asp Phe Lys Glu Phe Val Ala Ala

420

425

Glu Leu Asp Ser Glu Arg Trp Gly

440

Lys Phe Asp Leu Asp Gly Asp Gly

Asp Ile Asp Lys Asp Gly Lys

485

455

Thr Gly Leu Lys Gly Ser
470

475

Ile
490

Leu Arg Thr Ala Ser Met Ser Asn

500

505

Asn Pro Gln Ala Leu

Zea mays L.

gctcagcetcece
tecetecgect
ggcgacggca
cgegtggagt
ggccacggcece

gcecgtcaage

520

cgectectee cateccecegga

ctgeecgeecee cgececggegec

agaagaggcg
tecggctacga
agttecggeta

gcatcgacaa

ccgegecgece
gagggacttc
caccttegee

ggccaagatg

29

Leu Ser Asp
365

Gly Ser Ile
380

Pro Trp Arg

Asp Ser Asn

Thr Leu His
430

Ile Arg Cys
445

Tyr Ile Thr
460

Ile Glu Pro

Ser Leu Ser

Val Pro Ser
510

ccceggacee
gecegtegacg
ggggcatcge
gaggcgcget
gccaccgace

acccgecectg

Leu

Ser

Leu

Thr

415

Ile

Gln

Pro

Leu

Glu

495

Pro

Lys

Ile

Lys

400

Asp

His

Ala

Glu

Leu

480

Phe

Arg

cggccatggg

agecgccgece

cggatgeecge
acgaggtcgg
geggetetgg

ttgectgtgga

60

120

180

240

300

360
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ggatgtgaaa
cttctacaat
cggtgaacta
tgcagtggta
tcaccgagat
aaaggcgaca
tgttggaagt
agatgtttgg
ggataagacc
gaggecttgg
gaatccaagg
aggggaagca
caagtacagce
agagctatca
tagtatcgag
ccgtgtgetg
ggagtttgtt
gggcatacge
gccggaggaa
ggeccgacate
agcgagecatg
teeggetegg
ctttgggtte
cagtgcagcecce
gagtgagagg
tacagtgata
tggagaagtg
<210> 9

<211> 522
<212> PRT
<213> Zea

<400> 9

agagaagtga
gcatttgagg
ttagatcgga
gtcegccaaa
atgaagcctg
gattttggtt
gcttactatg
agcataggag
gaagacggta
tcaagcatca
gccaggctaa
tcegatatcee
cgtttcaage
gatctgaagg
gaaatgegte
gagattatte
gcggcaacte
tgccaagetg
ctcagaatge
gacaaagacg
agcaacgtac
ccactaggga
ttcagagtge
ccgagtgagt
tggaggtcaa
ctgaaatatg

aggatt

mays L.

EP 3 936 519 A1

agattcttaa
atgattcata
ttttggcaaa
tgctcaaagt
agaacttcct
tgtcagattt
tcgecaccaga
tcataaccta
tattcaagga
gcccaggtge
cagctgctca
ccgtecgacat
aattcgeget
atcagtttga
atgcecttge
aagcaattga
tccatatcca
ctttecagtaa
acactgggtt
gcaagataag
ccagcccaag
ggagcaagct
catgtgatgt
ttcgaagtaa
aatggtagge

tacgattttt

agcacttaaa
cgtgtacatt
aaagaatagce
agctgetgaa
tttcaaateg
cattaagcca
agtactaaaa
cattttgcete
ggttctaagg
taaagatttt
agctctcteca
atctgtgtta
tegggcetetg
tgcaattgat
aaaggatctt
cagcaacact
ccagatggeg
gtttgatcett
gaagggatct
cctgtecgag
ggggccccceca
taggaagttg
ttctggtttt
atattcagtg
aagactcgee

attataactg

ggacatcaga
gtgatggagce
cgctatagtg
tgcecatcetge
aacaaggagg
gggaagaagt
cgacggtcetg
tgtgggagge
aacaagcctg
gttaaaaggt
catcegtggg
tcaaacatge
gcgagcacce
atcgataaaa
ccctggagat
gatgggctcg
gagctcgact
gacggtgatg
atcgagcege
ttececgecaage
aaccctcagg
ccatacaata
tagcatccag
ctttettttt
ttettettte

ttegtegcaa

atattgtteca
tatgtgaggg
agaaagatgce
gtgggttagt
attcaccact
tcecatgacat
gtcctgagte
geectttttg
attttegtaa
tactagtgaa
taagagaagg
gtcagtttgt
ttaacgagga
gtggatcgat
tgaagggtce
tggacttcaa
cagaaaggtg
gatatatcac
tgctggagga
tectacggac
ctctgtgaat
geccatgtgtt
gttatgtgtg
cttteecggaa
ctttacactg

taaagttatt

Met Gly Ala Cys Phe Ser Ser Ala Ser Ala Ala Pro Ala Gly Ala Ala

30

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1936
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Vval

Arg

Phe

Leu

65

Ser

Arg

Ala

Asp

Leu

145

Asp

His

Phe

Leu

Ser

225

Glu

Asp

Ala

Gly

Gly

Gly

Pro

Leu

Asp

130

Leu

Ala

Leu

Lys

Ser

210

Ala

Ser

Glu

Ala

35

Tyr

His

Asp

Val

Lys

115

Ser

Asp

Ala

Arg

Ser

195

Asp

Tyr

Asp

Arg

20

Gly

Glu

Gly

Arg

Ala

100

Gly

Tyr

Arg

Val

Gly

180

Asn

Phe

Tyr

Vval

Arg

Ala

Arg

Gln

Val

85

Val

His

Val

Ile

Val

165

Leu

Lys

Ile

Val

Trp
245

Pro

Ser

Asp

Phe

70

Ala

Glu

Gln

Tyr

Leu

150

Val

Val

Glu

Lys

Ala

230

Ser
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Ser

Pro

Phe

55

Gly

Val

Asp

Asn

Ile

135

Ala

Arg

His

Asp

Pro

215

Pro

Ile

Lys

Asp

40

Glu

Tyr

Lys

Vval

Ile

120

Vval

Lys

Gln

Arg

Ser

200

Gly

Glu

Gly

Glu

25

Ala

Ala

Thr

Arg

Lys

105

Val

Met

Lys

Met

Asp

185

Pro

Lys

Val

Val

31

10

Gly

Ala

Arg

Phe

Ile

920

Arg

His

Glu

Asn

Leu

170

Met

Leu

Lys

Leu

Ile
250

Asp

Ala

Tyr

Ala

75

Asp

Glu

Phe

Leu

Ser

155

Lys

Lys

Lys

Phe

Lys

235

Thr

Gly

Pro

Glu

60

Ala

Lys

Vval

Tyr

Cys

140

Arg

Vval

Pro

Ala

His

220

Arg

Tyr

Lys

vVal

45

Val

Thr

Ala

Lys

Asn

125

Glu

Tyr

Ala

Glu

Thr

205

Asp

Arg

Ile

Lys

30

Arg

Gly

Asp

Lys

Ile

110

Ala

Gly

Ser

Ala

Asn

190

Asp

Ile

Ser

Leu

15

Arg

val

Arg

Arg

Met

95

Leu

Phe

Gly

Glu

Glu

175

Phe

Phe

Val

Gly

Leu
255

Arg

Glu

Leu

Gly

80

Thr

Lys

Glu

Glu

Lys

160

Cys

Leu

Gly

Gly

Pro

240

Cys
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Gly

Vval

Ser

Arg

305

Glu

Asn

Arg

Asp

Glu

385

Gly

Gly

Gln

Ala

Glu

465

Leu

Glu

Arg

Leu

Pro

290

Ala

Gly

Met

Ala

Gln

370

Glu

Pro

Leu

Met

Phe

450

Leu

Leu

Phe

Arg

Arg

275

Gly

Arg

Gly

Arg

Leu

355

Phe

Met

Arg

Val

Ala

435

Ser

Arg

Glu

Arg

Pro

260

Asn

Ala

Leu

Glu

Gln

340

Ala

Asp

Arg

val

Asp

420

Glu

Lys

Met

Glu

Lys
500

Phe

Lys

Lys

Thr

Ala

325

Phe

Ser

Ala

His

Leu

405

Phe

Leu

Phe

val

Ala

485

Leu

Trp

Pro

Asp

Ala

310

Ser

val

Thr

Ile

Ala

390

Glu

Lys

Asp

Asp

Gln

470

Asp

Leu
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Asp

Asp

Phe

295

Ala

Asp

Lys

Leu

Asp

375

Leu

Ile

Glu

Ser

Leu

455

His

Ile

Arg

Lys Thr
265

Phe Arg
280

Val Lys

Gln Ala

Ile Pro

Tyr Ser

345

Asn Glu

360

Ile Asp

Ala Lys

Ile Gln

Phe Val

425

Glu Arg

440

Asp Gly

Thr Gly

Asp Lys

Thr Ala
505

32

Glu

Lys

Arg

Leu

Vval

330

Arg

Glu

Lys

Asp

Ala

410

Ala

Trp

Asp

Leu

Asp

490

Ser

Asp

Arg

Leu

Ser

315

Asp

Phe

Glu

Ser

Leu

395

Ile

Ala

Gly

Gly

Lys

475

Gly

Met

Gly

Pro

Leu

300

His

Ile

Lys

Leu

Gly

380

Pro

Asp

Thr

Ile

Tyr

460

Gly

Lys

Ser

Ile

Trp

285

val

Pro

Ser

Gln

Ser

365

Ser

Trp

Ser

Leu

Arg

445

Ile

Ser

Ile

Asn

Phe

270

Ser

Lys

Trp

val

Phe

350

Asp

Ile

Arg

Asn

His

430

Cys

Thr

Ile

Ser

Val
510

Lys

Ser

Asn

Val

Leu

335

Ala

Leu

Ser

Leu

Thr

415

Ile

Gln

Pro

Glu

Leu

495

Pro

Glu

Ile

Pro

Arg

320

Ser

Leu

Lys

Ile

Lys

400

Asp

His

Ala

Glu

Pro

480

Ser

Ser
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EP 3 936 519 A1

Pro Arg Gly Pro Pro Asn Pro Gln Ala Leu

515

<210> 10

<211> 1940
<212> DNA
<213> Zea

<400> 10
aaatccatat

cgettgette
gtccaaggag
ggcgecegtg
ccgectgete
ggaccgegtt
ggatgtgaaa
cttctacaat
cggtgaacta
tgcagtggta
tcaccgagat
aaaggcgaca
tgttggaagt
agatgtttgg
ggataagacc
gaggccttgg
gaatccaagg
aggggaagca
caagtacagce
agagctatca
tagtatcgag
ccgtgtgetg
ggagtttgtt
gggcatacgce
gccggaggaa

ggaggaggcce

mays L.

gctcagetcee
tecteecgect
ggcgacggcea
cgcgtggagt
ggccacggcece
gecegtcecaage
agagaagtga
gcatttgagg
ttagatcgga
gtcecgecaaa
atgaagccetg
gattttggtt
gcttactatg
agcataggag
gaagacggta
tcaagcatca
gccaggctaa
tcecgatatcece
cgtttcaage
gatctgaagg
gaaatgcgte
gagattatte
gcggcaacte
tgccaagetg
ctcagaatgg

gacatcgaca

520

cgectectee
ctgecegecce
agaagaggcg
teggectacga
agttecggeta
gcatcgacaa
agattcttaa
atgattcata
ttttggcaaa
tgctcaaagt
agaacttcct
tgtcagattt
tegecaccaga
tcataaccta
tattcaagga
gcccaggtge
cagctgctca
ccgtecgacat
aattecgeget
atcagtttga
atgccecttge
aagcaattga
tccatatcea
ctttcagtaa
tgcagcacac

aagacggcaa

catccececgga
cgceggegece
ccgegeecgee
gagggactte
caccttecgee
ggccaagatg
agcacttaaa
cgtgtacatt
aaagaatagce
agctgctgaa
tttcaaatcecg
cattaagcca
agtactaaaa
cattttgete
ggttctaagg
taaagatttt
agctctcteca
atctgtgtta
tegggetcetg
tgcaattgat
aaaggatctt
cagcaacact
ccagatggeg
gtttgatctt
tgggttgaag

gataagecctg

33

cecceggaccee
gcecgtegacg
ggggcatcge
gaggcgeget
gccaccgace
acccgecctg
ggacatcaga
gtgatggagc
cgctatagtg
tgeccatcetge
aacaaggagg
gggaagaagt
cgacggtcetg
tgtgggagge
aacaagcctg
gttaaaaggt

cateccgtggg

tcaaacatge
gcgagecacce
atcgataaaa
ccctggagat
gatgggcteg
gagctcgact
gacggtgatg
ggatctatceg

tececgagttee

cggcecatggg
agcgeccgece
cggatgeecge
acgaggtcgg
gcggetcetgg
ttgetgtgga
atattgttca
tatgtgaggg
agaaagatge
gtgggttagt
attcaccact
tccatgacat
gtecctgagte
gcecectttttg
attttegtaa
tactagtgaa
taagagaagg
gtcagtttgt
ttaacgagga
gtggatcgat
tgaagggtce
tggacttcaa
cagaaaggtg
gatatatcac
agccgetget

gcaagctcct

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560
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acggacagcg
gtgaattceg
tgtgttcttt
tgtgtgcagt
ccggaagagt
acactgtaca
gttatttgga
<210> 11

<211> 287
<212> DNA

<213> Zea

<400> 11
tcaccgagat

aaaggcgaca
tgttggaagt
agatgtttgg
ggataagace
<210> 12

<211>

<212>
<213>

DNA
Zea

<400> 12
gggatctgca

atcagaacat
cecggecectg
caccgttgat
agggacttga
ttettgegge
acccectcag
accctctcect
cgctegetga
ctgttggggt
cgectegttee
tggcegeggt

gtcttagcaa

agcatgagca
gcteggecac
gggttcttca
gcagccccga
gagaggtgga
gtgatactga

gaagtgagga

mays L.

atgaagcctg
gattttggtt
gcttactatg
agcataggag

gaagacggta

13563

mays L.

gctgettgaa
ggtgcagccg
ccatgttgte
gtggagcage
tgttectgeg
ggtegttgte
gagactgata
tgececaggecg
tgegettege
gcacagggca
ggccceccagt
tettettett

cteceggtttyg

EP 3 936 519 A1

acgtacccag
tagggaggag
gagtgccatg
gtgagtttcg
ggtcaaaatg

aatatgtacg

agaacttcct
tgtcagattt
tcgecaccaga
tcataaccta

tattcaagga

tgcagcatgg
catgttggtg
ggggcagtcg
catcgggace
ggaggtgage
atcaccggag
tectgaggtcece
gcgacgaggt
gagcttgatg
tgagcegetg
tgeggetgeg
cttetttttg

tggtgtcgag

cccaaggggyg

caagcttagg
tgatgtttet
aagtaaatat
gtaggcaaga

atttttatta

tttcaaateg
cattaagcca
agtactaaaa

cattttgcecte

ggttctaagg

ctgatgacgt
atgacaaggg
gatgecccaa
cccgggaccg
tecececagetee
tecggagtete
cgtteteeceg
ggggagccat
atctegegge
ttgecteccet
acgatcctag

ccgtectggg

tgececatgecac

34

cccccaaace
aagttgccat
ggtttttage
tcagtgettt
ctegecettet

taactgtteg

aacaaggagg
gggaagaagt
cgacggtcetg
tgtgggagge

aacaagc

tgagcceccage
cgatgatgag
aagagatagt
ccgaaaggac
cgtegtatat
cagtgaaaac
cgaccacatc
ccttggaagt
actcecgagge
gtggcegtgg
cagtagactg
tgacgacace

ggcectegge

ctcaggectcet
acaatagcca
atccaggtta
ctttttettt
tetttecttt

tcgcaataaa

attcaccact
tcecatgacat
gtcectgagte

geecctttttg

cccaccgtea
cggtaatata
ggtgetecte
ctecteggeac
catgtacaac
ateccttcagg
accgttgteg
ctgetegeac
actgtggcga
gegettgttg
cggecteteg
cgagccacce

agctctggea

1620

1680

1740

1800

1860

1920

1940

60

120

180

240

287

60

120

180

240

300

360

420

480

540

600

660

720

780
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cacttgtcag
teccagecatet
atacgaggta
ccgggttect
gcgaagtteg
agattcatga
acgacagtgt
ggtttgacgt
cgecgetgaga
aattcgggceg
accctcecgatg
cgtacgecta
gtecctetece
caccgaggtt
aggcctegtt
cttcatggee
agacaaagcc
cgcagagcgce
cgcagcttet
gaccatggtg
ccaaatgttg
agatgaggag
acacaaggat
tgatgtattg
acgttgtgtg
acacgtggge
cgcataagca
gectgettect
gecgectgece
aatgcagagg

taaatgcaga

ctagagcgaa
tectecatcacg
tagcgecteg
gcctcactge
ctatgaacca
gccaggtcectg
ctccacctge
accgtegtat
tgatcecgeta
cccgttggag
ttetacegge
cggttgagtt
gcacgcectge
gagecgcactg
gagccagaat
teceggtgagg
ccaagtgcag
atagcagcag
tecctecatat
tcgagaagga
gagaggaaaa
ggggcttaag
ttagagtggt
agtctgtgag
cecctecettt
ccagtagcat
atctececggte
tggtaacgtg
agtggaatgg

cggcacaccg

ggtcgegtag
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gagcgtggtg
tactectetgg
taccttggtg
atggaggtga
cgcgcaaagce
ggctggecca
tgecegtaata
tttttggecag
gtgcggegea
tttgeggtge
gectetegege
ctgctegeag
ggttgagcecte
acgtcgacge
gcgecatact
ccgtggaget
cccttgacge
caccaggcgce
ggaagtccte
aaacaggcga
teteecgggeg
cgtattgect
tcaggeccecget
cttgagagag
tatagctcaa
aatgaaagaa
gtcgtgatgt
cgagtaatga
acatttegee
tetgecagtg

cccagaggce

aaagtttcca
cggaaagcgg
aagcgggaga
gectcecatge
tetteeccagg
gacaaggcta
gcggtacgta
gtgtggcegg
gcccacaccg
aaccgcagcg
cctectecaga
gtecatctgge
cgccegeagg
ctegtgttga
gagcagacga
aggagggtgg
tetggatgte
atggecggttg
aggaacgaag
aaacctaatg
ggtggcggaa
gtctattaga
ggagcgtaat
ctegtgagte
ggggggcaca
atacattata
ccgecagtcta
tgagecgtagt
gectgecage
gaatggacag

ttacgtcagg

35

cgtcatgegt
tgatgatgga
tgaaggccecg
catgectgttg
agtagatcga
catggaaata
tacctgcaag
aacttggatg
gtcaatggaa
aggtctaggt
gagactcggg
ctectetagag
tecectecagteg
cgeecgggatg
tcgacatcat
cgtagcaact
tgecgecaggag
gaggccegtg
tcgtggtget
ccaagecccect
cgcacccgece
tggtcgatga
accctactcee
tgagttgggt
tacaaggatg
ggagtaacta
tgcagtattg
gcacgecggea
ggaatggata
gcgacgegece

cttcaccegt

ggccaactte
agcatcgaag
gagagtttcce
ataagcactg
tectagggtg
tgttgeccatt
aattccgaca
gccaagtege
cactcgecetg
cgaggttgeg
catcctegee
agactggage
gtgcggectt
accgaggcect
cacaccactg
ccetggetge
tgtgectgecg
gcatggaaga
cgacgatctg
acctggegeg
ctaaatccta
acacgagagc
actgtttgtg
ctgeecttgta
ttgagecceceeg
atgcaagtaa
atatgecggeg
gtatgggegt
ggtctcaata
ttatccacaa

tggcttacgt

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640
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cacgtgecagt
tgcagacagg
ggctcgagta
cacggggggg
ggtectggac

ggggtcecgga

tceggaccecg
actggggcaa
gcegegtggg
caatatcttt
tatgtttaga
gatggagtac
acaaatctta
gcaataaata
ctactatttt
ctttaattecg
taggcegtgta
atatctatgg
cggtttetgt
atttettgee
tttagccaaa
tecgtcaaact
ttgactaacc
atttatgaaa
tgttttgaca
accaagactg
agctaatagt
taactagttg
atgtctcage
aatatgcaag

caaccaaatt

ggtggaggta

gtgccacgtg
tceggacctg
tgttetgtee
ggggaggggg
caaccttgga
cttactgttg
cccatgtggt
gtegtggect
cactgecgtcet
tttggatttt
tatacagtga
tatagtgaaa
aaatgtcatt
agacgggcaa
tataatattt
aggcgaacaa
tatagcaacg
tagatattta
gtataagttt
acatatgata
ttttggctaa
tttegactet
aaactagata
aaaataaata
ttggttcttt
aggcaagcaa
tagttgacta
ctaatttatt
taattttaac
tatttaagat
gccaggeate

gagctgacca
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gcagcatcgg
cacacgtgte
tagaacctta
gtacagatce
ggteceggact
atgccttaga
ggatceggge
cgtececcacac
ttatacaata
tttatgegta
aagttaaaca
caaataaata
ttgtttgtga
gtcaacaacc
tatctctata
tctgaaaaac
ttcatgttag
taaatgtttt
actccatgtt
gataccgaga
tcaatagcaa
tcaaattgge
gatagtatge
gagagtcaaa
atagagagct
cactagtcac
aaaattacta
aaaagtagct
agctaactat
aagatcgatg
acatgtatct

agacagcgcect

ggctectgect
agcaccggac
ggaccccatt
cattctaggg
gtttatcaag
gtatatcacce
gctgetgtgg
acagcacctt
gtagggggta
ttttgteege
tctgaaaaag
gtcaaagtta
ctatagaaag
tettegettg
gaatacaact
cttatgectta
ctacatatta
taatgattaa
catagataac
gcatctccaa
aataactcte
tececctecacta
tggagtgagt
taaaaagcaa
aattgggtac
tgatgattag
ataaaattaa
aataactgaa
tagttctagt
acaacaacat
tgtgtggeta

gttgecatgg

36

gggcggggag
ctegettggg
gtgggegatc
gtcecteettg
gggtccggeg
ttetectagac
acccagagta
taccacgecga
ccectgttte
tcacctaaac
ataacccaca
atttagaata
tattcttaga
gcetttaattt
acatcagttt
taagggtage
tactatagca
atacactctce
agcacactct
tagactagcce
caacagacta
gacaaacctg
tgctatatac
aaatggagat
cgttgegget
gagatgcettg
ctagccaaca
ctattagtta
gtattaaaac
gacgaaataa
accaaaagga

agacatttct

caggagtgta
tettgtteeca
cggacccceccee
cacacgtgga
ctectectatg
acgtggecgge
gtcgeeccgag
ctaagagata
agggtactga
atttttaggt
atgttaagta
acaaactcat
gctaggaggt
ttaccagett
gaatatctag
atcaatggta
aagtaatgat
tgtaccacct
cacttcatta
aaatagaccg
geccatectgac
gctagtcact
agagtgtaat
cccttagaga
geccctaattg
aatgcactaa
aatagctage
gactgtttgg
acttccaaat
atcaacctat

acgacccggce

tttagtggte

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560
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ttgtttaaac
tttegtaata
aattggcagt
tgtgtggett
tectetecac
acacggcegte
tatgctcage
ttctecteeg
gagggcgacg
gtgcgegtgg
cteggecacg
gttgecegtceca
agccgecegeg
cgagecgegte
cggtgtaatt
tecgattggga
gtttagctca
agectttegtt
gtttecgacat
gggaacgacg
cagaacgggg
tactaataat
gtcgaagaaa
tettetatge
atgtatacta
tgtcaaagtt
tggaaatgag
tcactagaaa
attaggecctg
tgtectgtcaa

aagtaggata

agtaatattt
tttacttaga
ttgacecgett
cctetettee
cttecteect
ccagectgee
teceegectee
cctetgecge
gcaagaagag
agttecggecta
gccagttegg
agcgcatcga
ctgtecectgt
tttggtctgg
ccgtgcaaat
cgecgattgga
acgagtagcect
gtttgceggt
tcaggecatct
tgttgetcag
aaggtgcettt
ttcaataaga
aagtcaggaa
tataggtgga
accaacgcgg
acttcatggg
tgtttattgt
gctgaattgg
ttettggtaa
tattgttaac

cctettttga
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gtatagtaaa
tgtgtcatgt
gaccagcgge
cctectecct
cccaccecte
tatataccge
teececateece
cccegecgge
gcgeecgegee
cgagagggac
ctacacctte
caaggccaag
ctectgtetet
tgcatcgaac
tggggattte
geegtteatt
cactcacatt
ggttctgage
cggatgacct
tgecgeaccte
tcatctgget
ttgecectgect
agataacaat
cagcattttt
ttttgattce
gcaaaatgtce
gtcattggaa
tgttgtectt
gggaaggaat
ttgtttatag

tcatgatata

tgttgttaga
gtgtggagtg
ttcatcatca
tggeceecgte
cgegectege
teceececeecgeg
ggaccccgga
gececgeecgteg
gcecggggeat
ttecgaggege
gcecgeccaceg
gtgagctgece
cctactagta
cacttgtget
tectectgttg
ttaggacatt
tectagetgtt
tgecgggatet
cttagtttgg
attcatggaa
attcatggaa
ccttgaatgg
tgcgecacttg
ctaggtataa
atcaaatgtt
aaattttetg
ataccgttca
gtcaaaaagg
ctgagcatca
ggcttecgagt

taacatatte

37

taaattattg
accactgaga
catecgtcteg
tegtetecte
cccaccgege
ccceccacacg
ccceggecat
acgagcgeceg
cgeecggatge
gctacgaggt
accgeggete
gcctgececee
gtagtagectg
tggtgcattt
ctttecegagg
tececggtgect
tggececgette
tgacgttgge
cactacagcet
gtggcaaggt
aacgacttgt
ttggggecttg
cagtggacaa
ttaatttgac
ttggactcecte
gaaccttceg
tgtgtetgtg
cactaaacac
atgctgatag
tttcaacttt

ttatatacct

tgaattctat
ggtgtttgac
tetgtegteg
ccectecaccet
caaccaacca
cgcaaatcca
gggcgettge
cccgtecaag
cgecggegece
cggecgectg
tggggaccge
ccgecacceca
gtggtgatte
cgaggggatt
tttaggtgtt
tttgggagge
atttctccea
cagagaggtg
ctattattte
cgettgtetg
tcagttgece
gaaggttcct
cgettecetg
cttcaaacat
tetgetgaac
tagtatattt
acagaatgtg
gagtctgaaa
gaatagactce
tgaggcagat

caagccttge

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420
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actgttaagt

caataatatc
tgeccattact
acagtgagat
ttatcatgee
gcattgttga
ttggatgcag
cataggccag
tggtcatcaa
tctagcatce
tcaagggtce

tatggtgttt

tgcagettte
ggaacttgtt
gtectetcecac
tgggagactce
tcectatace
acactgggte
gttgecctteca
ttgetttecac
caattaagat
aagagaagtg
tgcatttgag
tteectgetaa
acaatatcta
attctatage
acttttettt
actctatcat
ttagataata
ttcecgaaatt

atgccagaac

gcggtgaact

taatgtggca
gacaccaagt
gaattttcat
ggtaacgtaa
caagtgtttt
gggaaccagt
atctatcgaa
aggatgtgag
tgggatcaaa
tggecgcetceca
agttattttt
tttegaggtt
ctgegtatte
acattgttga
atttatgtgg
tggcattggg
cacttgtcag
tgecectagge
catattttce
atattttectg
tattatttta
aagattctta
gatgattcat
tagagcatat
tecectgtttac
taaaccagat
caaacctgca
gtttaacatt
taacatcatc
tagctaagaa
caactcataa

attagatcgg
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tecectttetag
gaacatcagt
atgattatta
tgaatcaaaa
gtcattctat
tecttetgeag
cccagggact
agttttacct
gatgagctce
atctteccatce
tetttetget
tececccaaace
gagaaaagaa
gagttgtcte
aaggcttgee
tctgtectat
agcctccaac
cgtecgaageg
gttecgaaate
ttccacgtca
tataacagat
aagcacttaa
acgtgtacat
cgattttget
agaatcctag
gcaatcctga
ttttgaattt
tttettgeat
ttececacagte
tggtatacat

gtcataagtt

attttggcaa

agatcatgac
gtctgtggaa
tattectgttt
taggctataa
ctttattegt
tacttcectagg
ttgtgettee
ctctggaagt
acctttggtg
cagtgaactc
gtaaagtcte
tcaccttttt
agttttatct
accgagtcac
teggtttate
gecgttgaag
actgagtctg
ttatatgatt
atctcettgt
tacttagaag
gaccecgcecect
aggacatcag
tgtgatggag
atgacttttt
acactaaaat
tttattttte
gattacaggg
tgttctatgt
accattagtt
ggtcatgtga

ttacecttgtg

agtaagtaga

38

ctcaagttge
tatgcecgaaa
agatttattt
acatgcaatt
ccaagaagga
gaggtaaaaa

agtgaaaagt
tatatgeget
tagagectgga
tgttttttgg
tagttaaggt
tecttettaa
ctctggaagt
caggtcgetg
cctteeccaag
cgctaggtte
ccctaagett
gccatgtact
tgececttecaca
ttagaacacg
gttgetgtgg
aatattgtte
taagtaggcce
tecectaaagt
gtcatttcta
ttaacgtatg
aactataaca
ttgtcaactt
aggaccttgg
tttcaaatag
tttttgecagg

taagatccce

atatggatge
gcagccaacg
acgtcggaac
caacatatca
caagcctggt
ttcaacaccg
tatatggacc
agcattagtg
gctaggggac
gtctagtagg
gtgagttttg
tataatgata
taactgcaga
gttcaaagca
actctacttg
gtttatcect
ccaagttcca
gttatgettt
tattgeettg
tgatttatge
aggatgtgaa
acttctacaa
catacacctg
tttaacatga
attatcaatt
gatatattgg
ctaattcaga
gacgcactte
accttcatgg
atgttcctat

ctatgtgagg

atctetttgt

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7560

7620

7680

7740

7800

7860

7920

7980

8040

8100

8160

8220

8280

8340
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ttceecgtace
ctttatgttg
atggtgtgeg
agtcecgecaa
tatgaagcct
gatatttcac
cttttcaaat
ttcattaage
agtctgcagt
gacattgttg
gagtcagatg
ttttgggata
atgtgecttac
cgtgetgata
ttgttaacta
tattttgaac
accagaaacc
taatgttcag
aagtgctttg
caagaaacca
ctgttttagt
gaggtcattg
atggtttcca
tatgcatttt
cttctcataa
tcagececcagg
taacagctge
atgatgatca
tgectttecaa
accattttag

tecctggtcecac

tcattetteg
tttgtetget
tgttttgaca
atgctcaaag
gaggtagaaa
tacttectea
cgaacaagga
caggtatcta
ttagctgace
gaagtgctta
tttggagecat
agaccgaaga
atgtaaaata
ctgttttgta
tttcagtgte
actgtaaacc
cactttatge
tgttagacag
cacttttgtt
aggcattgcee
tttggacatce
tectcagecaa
ttttcattat
atcagcaagg
ttaggttcta
tgctaaagat
tcaagectecte
gattcacctt
tcagttatga
aacattaatg

ttgaaatgaa
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ccattaaatt
ttgtttgatt
gaaagaatag
tagctgcectga
tcaaatactt
ggtcatgtaa
ggattcacca
cttggggecca
attttgttgt
ctatgtcgeca
aggagtcata
cggtatatte
tgettggtta
caatgtgttt
aaactatttg
tgeectggtcea
aggtgttcag
acttcattaa
aacttttgag
attggaatag
tgactcaact
aataagttge
accagcaact
acatgatacg
aggaacaagc
tttgttaaaa
tgtaagtttt
ctectatgtga
caatgtaaat
gggaaaaacc

catataccac

tatagatttt
tectagttget
ccgctatagt
atgccatctg
caatctcttt
gactgtacct
ctaaaggcga
tctgaatctg
ctaatgcatg
ccagaagtac
acctacattt
aaggaggtaa
gagtgctgta
ctactttcta
tegtgtcaca
ggttatccett
tttaataaca
gatgcacctt
tectgaagatg
ctaattcgaa
ttataggata
ggtctetttt
teccacctttt
atcgtatatg
ctgatttteg
ggttactagt
ggtattttte
gaacagagaa
atgcaaagac
acaatatatt

tgaggtttte

39

tgtgctgtaa
cgttcaagat
gagaaagatg
cgtgggttag
gcacacagta
attttectte
cagattttgg
tecgggaatct
ctttagggaa
taaaacgacg
tgectetgtgg

gtggatggat

ccagggatca
cgtcatatag
actcagcagt
cagtaattte
cccaccatct
aagatgattg
acttgtggta
tgagcttcag
atactatatt
ttactgtect
tecttgetatt
tgatattcta
taagaggcect
gaagaatcca
attaatttac
cacatataca
cgatgttttt
aggaaaaatg

tagttectecat

aatcagattg
cctttactta
ctgcagtggt
ttcaccgaga
agcatttggt
ccagaacttce
tttgtcagat
gataggggca
gaagttccat
gtectggtect
gaggcgecect
tttgecatace
gegttttecag
cagtgtttet
ataattttac
tectactaget
ttcagattte
taagtagtaa
cctatgacct
atatggctat
agcaatcttt
aagcagcaat
taaatatctt
catctttteca
tggtcaagca
agggccagge
tagectagte
tetggecagta
tctatectge
tttaattatg

gegttettat

8400

8460

8520

8580

8640

8700

8760

8820

8880

8940

9000

9060

9120

9180

9240

9300

9360

9420

9480

9540

9600

9660

9720

9780

9840

9900

9960

10020

10080

10140

10200
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aatgatctaa
tactatcatc
gaaggagggg
tttgtcaagt
aacaacactg
ggcgagcace
tatcgataaa
ttgetgatga
ttteggtagg
attattcaag
ttgttteccaa
tgtggtagat
ctctecatat
ctgetttecag
tggtaatttt
ataaccctta
ttcagtactt
tcaatggaag
cattgtttgt
taatcggcecag
tectatecgage
gagttececgea
ccaaacccte
ttgeccataca
ttttagecate
gtgetttett
gecettettet
ctgttegteg
acgtttttte
gacagattte
ttgttgcaac

acagactgcece

taagtcagtg
tttactgate
aagcatccga
acagecgttt
categtttat
cttaacgagg
agtggatcga
aaatgcctta
ceccttgecaaa
cagtaagttt
gaaaatagcet
tgacagcaac
ccaccagatg
taagtttgat
ctactecetgt
ttatcatcac
gcgeectgtg
cgctgtaata
gccaagaaat
tatcctaatce
cgctgetgga
agctectacg
aggctctgtg
atagccatgt
caggttatgt
tttettteeg
ttectttaca
caataaagtt
cccaaacgga
tggtttggtt
tgtaatctat

acaatttatt
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gaggtttget
ctgattgtte
tatccecegte
caagcaattc
tttttectea
aagagctatc
ttagtatcga
gatcctgaac
ggatcttcce
gagccttett
ggccttgtte
actgatggge
gcggageteg
cttgacggtg
cttgtttceca
tgctteccat
cacttggttt
ttttaatcag
ccacttacac
gagattttct
ggaggccgac
gacagcgage
aattcecgget
gttetttggg
gtgcagtgca
gaagagtgag
ctgtacagtg
atttggagaa
tcacggtcac
cgectgectea
agagacaatt

atgtttaagg

gcccaccace
ttgatatgtt
gacatatctg
gcgetteggg
caatatttce
agatctgaag
ggaaatgcgt
tactetgegg
tggagattga
ctggatccag
tgagggtata
tegtggactt
actcagaaag
atggatatat
tgttgetteca
gaataactag
tggtcecget
cgtttagatt
agatactgag
ttcaaggtge
atcgacaaag
atgagcaacg
cggecactag
ttettecagag
geccececgagtg
aggtggaggt
atactgaaat
gtgaggattt
ggcccccaag
ttcatgetgt
agataaaata

ttagatattt

40

cctacatttg
aagcacatcc
tgttatcaaa
taattacagt
tegtggeatg
gatcagtttg
catgtaggtt
tgctgattaa
agggtccceecg
ccctttettt
accaaaactg
caaggagttt
gtggggcata
cacgccggag
ccaacgaatg
ctggectecgac
tgttagaatg
tgataaagat
agttgcaccg
agcaccctgg
acggcaagat
taceccagece
ggaggagcaa
tgececatgtga
agtttecgaag
caaaatggta
atgtacgatt
tattgtectg
tttcagecata
tegtttggga
ctgagattaa

aatcgattta

tattgtgaat
gtgggtaaga
catgcgtcag
gattacaaaa
gtcaggetcet
atgcaattga
ctgttagtgt
tetgtgeatg
tgtgctggag
gttacccecccece
catcttattt
gttgeggecaa
cgctgecaag
gaactcagaa
cacagttcac
catcatgaga
aagtaattta
aaaacatgtt
tagataacge
gttgaaggga
aagcctgtcee
aagggggeccc
gcttaggaag
tgtttectggt
taaatattca
ggcaagactc
tttattataa
gtgaacctgt
aaaagtttat
gtaaaactag

agctaaatga

ggcgtgtgtt

10260

10320

10380

10440

10500

10560

10620

10680

10740

10800

10860

10920

10980

11040

11100

11160

11220

11280

11340

11400

11460

11520

11580

11640

11700

11760

11820

11880

11940

12000

12060

12120
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tggtttatag
aattgtgatt
ggttagacat
ttttetgttg
agtgaagaat
tcatttgcag
agtacagcag
gctgaatgee
tcagggecte
cggcecgecge
tegeeccacge
cecgegecete
gegtettegt
cceggagect
ccgettacgt
aactgcggcet
tggccaacge
tagaggtgga
tcagccaage
ttgtgetgtg
teeggecagta
ctgtactcecte
ccatgecatge
tgetgtgecg
atc

<210> 13
<211> 2331
<212> DNA
<213>

<400> 13

ctataattgt
tttttettet
ttaatcgatt
tgtagattte
ttgagcgecag
ttececattgee
actgccegtt
ggcaccgcegg
ctctgeecggt
gtecctecgeg
cteceggecge
cgecgegggg
gtecetgegeg
gttecgacgaa
gggcgeggece
gcaggttgac
tgatctegge
cgtgttettg
ggagegtgtg
gacggecatg
tgacctgatg
agcttgeccag
agattacggg

ggcaggggaa
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gatatttttt
gttgtgtaga
tagacgtgtg
attgtaaaag
acaggtgtgg
gcgacaagca
cggaaaagcg
ttggegttaa
tgeegectge
gacacgcgca
gtgtececteg
acgctgcacg
ctecgeecgett
agtccecgeca
gagtgggctc
tggtacacga
gteccaggege
gtcagcgegt
tteegecttg
ttgaacgeccet
ctggecctetg
cacgeccgggg
ctggtgecca

gtgaccaagg

Artificial sequence

ttttetgttg
ttttacttgt
tttggtttat
tgtgatagtt
cagaaaactg
attgeggttg
cgeggggget
accecggecge
ctcecegeat
cecegegetet
actecgtacge
cgectggeecge
cctacggegg
ggaacggcegt
cegtgetgag
tgacggetgt
atgggcatge
tegtggacat
cgcaacagga
atgecgeggea
gtgtctatce
aggtggtcaa

caccggagca

cgtgggagat

tgtagatttt
caacaattta
agctataatt
ttttaggttt
tgtaccacca
atgattgagg
tecteectagt
cgtgecteccac
ctcecttcaac
cgecgeteeceg
cctetgetee
caagtcegge
gtccggeegg
cttegggaac
gttegecagg
ggcgegggceg
ggtcaggagg
gtacgccaag
gaccggtgge
tggacagtge
ggatgaattg
ggggctcaac
ctacggttgt

tgccaccaag

acttgtcaac
ttatgtttaa
gtgatatttt
ttctaaatgt
aacagcccct
atceggtgge
cgettggeag
gcggegetee
tecgetgetgg
gctetegege
gcgetecget
tggecteggea
tgectggacg
gececgtecteg
aggttctcgg
tgtggcgagg
ctgggaggtg
tgecgggetta
agaggtgacg
aaggaggtta
gccatgttag
tactttgaat
gtggtcaaca

gacggctgtg

atgggegett gettetecte cgectetgee gecececegecg gegecgecgt cgacgagege

cgccegteca aggagggega cggcaagaag aggcgccegeg ccgecegggge ategecggat

gecegeggege ccgtgegegt ggagttegge tacgagaggg acttcecgagge gegetacgag

41

12180

12240

12300

12360

12420

12480

12540

12600

12660

12720

12780

12840

12900

12960

13020

13080

13140

13200

13260

13320

13380

13440

13500

13560

13563

60

120

180
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gteggeecgece
tetggggace
gtggaggatg
gttcacttcet
gagggcggtg
gatgectgcag
ttagttcace
ccactaaagg
gacattgttg
gagtcagatg
ttttgggata
cgtaagagge
gtgaagaatc
gaaggagggg
tttgtcaagt
gaggaagagc
tcgattagta
ggtcccegtg
ttcaaggagt
aggtggggca
atcacgcegg
gaggaggcceg
cggacagcga
gatccggetg
aagggcgagg
aacggccaca
accctgaagt
accctgacct
ttecttcaagt
gacggcaact

atcgagctga

tgecteggeca
gcgttgeegt
tgaaaagaga
acaatgcatt
aactattaga
tggtagtccg
gagatatgaa
cgacagattt
gaagtgctta
tttggagcat
agaccgaaga
cttggtcaag
caagggccag
aagcatccga
acagccgttt
tatcagatct
tcgaggaaat
tgectggagat
ttgttgegge
tacgctgeca
aggaactcag
acatcgacaa
gcatgagcaa
ctgeegetge
agctgttcac
agttcagegt
tcatctgecac
acggecgtgea
ccgecatgee
acaagacccg

agggcatcga
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cggccagtte
caagcgcate
agtgaagatt
tgaggatgat
teggattttg
ccaaatgcte
gectgagaac
tggtttgtca
ctatgtecgea
aggagtcata
cggtatatte
catcagccca
gctaacagcet
tatceceegte
caagcaattce
gaaggatcag
gegtecatgece
tattcaagca
aactctccat
agctgettte
aatgcaccct
agacggcaag
cgtacccage
cgetgeggea
cggggtggtg
gtccggegag
caccggcaag
gtgettecage
cgaaggctac
cgccgaggtg

cttcaaggag

ggctacacct
gacaaggcca
cttaaagcac
tcatacgtgt
gcaaaaaaga
aaagtagctg
ttecettttea
gatttcatta
ccagaagtac
acctacattt
aaggaggtte
ggtgctaaag
gctcaagcete
gacatatctg
gegetteggg
tttgatgcaa
cttgcaaagg
attgacagca
atccaccaga
agtaagtttg
gggttgaagg
ataagcctgt
ccaaggggge
geggecggac
cccateectgg
ggcgagggceg
ctgeceegtge
cgctacceceg
gteccaggage
aagttcgagg

gacggcaaca

42

tegeecgecac
agatgacccg
ttaaaggaca
acattgtgat
atagececgeta
ctgaatgcca
aatcgaacaa
agccagggaa
taaaacgacg
tgetetgtgg
taaggaacaa
attttgttaa
tctecacatce
tgttatcaaa
ctectggegag
ttgatatcga
atctteecctg
acactgatgg
tggeggaget
atcttgacgg
gatctatcga
ccgagtteeg
ccccaaacce
cggtegecac
tcgagetgga
atgccaccta
cctggeccac
accacatgaa
gcaccatctt
gcgacaccct

tectggggea

cgaccgecgge
ccetgttget
tcagaatatt
ggagctatgt
tagtgagaaa
tctgegtggg
ggaggattca
gaagttccat
gtectggtect
gaggcgecct
gectgatttt
aaggttacta
gtgggtaaga
catgegtcag
cacccttaac
taaaagtgga
gagattgaag
gctegtggac
cgactcagaa
tgatggatat
gcegetgetg
caagctccta
tcaggcetetg
catggtgage
cggcgacgta
cggcaagcetg
cctegtgace
gcagcacgac
cttcaaggac

ggtgaaccge

caagctggag

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040
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tacaactaca
gtgaacttca
cagcagaaca
acccagtccg
ttegtgaceg
<210> 14

<211>

<212>
<213>

DNA
<400> 14

atgggcgett
cgceccegteca
gecgeggcege
gteggecgee
tectggggace
gtggaggatg
gttcacttect
gagggceggtg
gatgctgecag
ttagttcace
ccactaaagg
gacattgttg
gagtcagatg
ttttgggata
cgtaagagge
gtgaagaatc
gaaggagggg
tttgtcaagt
gaggaagagce
tcgattagta
ggtccecegtg
ttcaaggagt

aggtggggca

2337

acagccacaa
agatccgecca
cccecategg
ccctgagcaa

ccgecgggat

gecttetecte
aggagggcga
ccgtgcgegt
tgecteggececa
gcgttgeegt
tgaaaagaga
acaatgcatt
aactattaga
tggtagtcecg
gagatatgaa
cgacagattt
gaagtgctta
tttggagcat
agaccgaaga
cttggtcaag

caagggccag

aagcatccga
acagcecgttt
tatcagatct
tcgaggaaat
tgctggagat
ttgttgegge

tacgectgeeca

EP 3 936 519 A1

cgtctatate
caacatcgag
cgacggccce
agaccccaac

cactctegge

Artificial sequence

cgectetgee
cggcaagaag
ggagttecgge
cggeccagtte
caagcgcate
agtgaagatt
tgaggatgat
tecggattttg
ccaaatgcte
gecctgagaac
tggtttgteca
ctatgtcgea
aggagtcata
cggtatatte
catcagcecca
gctaacagcet
tatceecegte
caagcaatte
gaaggatcag
gcegtecatgee
tattcaagceca
aactctccat

agctgettte

atggccgaca
gacggecagcg
gtgetgetge
gagaagcgcg

atggacgage

gcccecegecg
aggcgecgeg
tacgagaggg
ggctacacct
gacaaggcca
cttaaagcac
tecatacgtgt
gcaaaaaaga
aaagtagctg
ttececttttea
gatttcatta
ccagaagtac
acctacattt
aaggaggtte
ggtgctaaag
gctcaagete
gacatatctg
gegetteggg
tttgatgcaa
cttgcaaagg
attgacagca
atccaccaga

agtaagtttg

43

agcagaagaa
tgcagectege
ccgacaacca

atcacatggt

tgtacaagta

gecgecgecgt
ccgecgggge
acttcgagge
tegeecgecac
agatgacccg
ttaaaggaca
acattgtgat
atagcecgcta
ctgaatgcca
aatcgaacaa
agccagggaa
taaaacgacg
tgectetgtgg
taaggaacaa
attttgttaa
tctcacatcce
tgttatcaaa
ctetggegag
ttgatatcga
atcttecectg
acactgatgg
tggecggaget

atcttgacgg

cggcatcaag
cgaccactac
ctacctgage
cctgetggag

a

cgacgagcgce
atcgeecggat
gcgctacgag
cgaccgegge
cecctgttget
tcagaatatt
ggagctatgt
tagtgagaaa
tctgegtggg
ggaggattca
gaagttccat
gtctggtect
gaggcgccct
gecetgatttt
aaggttacta
gtgggtaaga
catgcgtcag
cacccttaac
taaaagtgga
gagattgaag
gctegtggac
cgactcagaa

tgatggatat

2100

2160

2220

2280

2331

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380
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atcacgeccgg
ctgctggagg
ctectacgga
gctetggate
gtgagcaagg
gacgtaaacg
aagctgacce
gtgaccacce
cacgacttct
aaggacgacg
aaccgcatcg
ctggagtaca
atcaaggtga
cactaccage
ctgagcacce
ctggagttecg
<210> 15

<211> 239
<212> PRT
<213>
<400> 15

Met Val Ser

1

Val Glu Leu

Glu Gly Glu

35

Thr
50

Cys Thr

Leu
65

Thr Tyr

Gln His Asp

aggaactcag
aggccgacat
cagcgagcat
cggetgetge
gcgaggaget
gccacaagtt
tgaagttcat
tgacctacgg
tcaagtcege
gcaactacaa
agctgaaggg
actacaacag
acttcaagat
agaacaccce
agtccgecect

tgacegecge

Lys

Asp
20

Gly Asp Ala

Gly Lys

Gly Val

Phe Phe

85

Gly Glu

Gly Asp Val

Leu

Gln
70

Lys

EP 3 936 519 A1

aatggtgcag
cgacaaagac
gagcaacgta
cgctgecget
gttcacecggg
cagcgtgtce
ctgcaccace
cgtgecagtge
catgccecgaa
gaccecgegece
catcgactte
ccacaacgte
ccgccacaac
catcggcgac
gagcaaagac

cgggatcact

Artificial sequence

Glu Leu

Asn

Thr Tyr

40

Pro Val

55

Cys Phe

Ser Ala

Phe

Gly

25

Gly

Pro

Ser Arg

Met

caccctgggt

ggcaagataa
cccageccaa
gcggcagegg
gtggtgccca
ggcgagggeg
ggcaagctge
ttcageeget
ggctacgtcece
gaggtgaagt
aaggaggacg
tatatcatgg
atcgaggacg
ggccecgtge
cccaacgaga

cteggecatgg

Thr
10

Gly

His Lys

Lys Leu

Trp Pro

Tyr
75

Pro Glu

920

44

tgaagggate
gecetgtecga
gggggcccecce
ccggaccggt
teetggtega
agggcgatgce
cegtgeccetg
acccecgacca
aggagcgcac
tcgagggega
gcaacatcct
ccgacaagca
gcagecgtgeca
tgetgeeccga
agcgegatca

acgagctgta

Val Val Pro

Phe Ser Val

30

Thr Leu

45

Lys

Thr
60

Leu Val

Pro Asp His

Gly Tyr Val

tatcgagecg
gttecegecaag
aaaccctcag
cgccaccatg
gctggacgge
cacctacgge
gceccacecte
catgaagcag
catcttette
caccctggtg
ggggcacaag
gaagaacggce
gctegecgac
caaccactac

catggtcctg

caagtaa

Ile
15

Leu

Ser Gly

Phe Ile

Thr Thr

Met Lys

80

Gln
95

Glu

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2337
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Arg Thr Ile

Val Lys Phe

115

Ile Asp Phe
130

Asn
145

Tyr Asn

Gly Ile Lys

Val Gln Leu

Pro Val Leu

195

Ser Lys Asp
210

val
225

Thr Ala

<210> 16

<211> 953
<212> DNA
<213>

<400> 16
ggtctectgge

taaggctagt
tttgecattga
ttecteegtet
ggcgccacat
tcacacaaca
tttggaatta
ttcaaattce
tgtegtgceaa

taacattgac

Phe Phe
100

EP 3 936 519 A1

Lys Asp Asp

Gly Asn Tyr
105

Glu Gly Asp Thr Leu Val Asn Arg

Lys

Ser His Asn Val

120

Glu Asp Gly Asn

135

Tyr

150

Val Asn Phe Lys

165

Ala Asp His

180

Tyr Gln

Leu Pro Asp Asn His

200

Gln Asn
185

Tyr Leu

Ile Leu Gly

Ile Met Ala

155

Ile Arg His Asn

170

Thr

Ser

Pro Asn Glu Lys Arg Asp His Met

Ala Gly

Ile

215

Thr Leu

230

gacaagcctg
ccgttatcaa
gttttecteecg
catgtttgeca
tttecatgeecg
ctggtgacce
aagggtgtga
cacagattaa

aattgectgg

tagegtgetg

Artificial sequence

attttcegtaa
cttgaaaaag
tecgecatgttt
gegtgttcaa
tttgtgccaa
gctgacctge
tecgatactge
ggctegteecg
cctgecacaat

ataatttgtg

Gly Met Asp

235

ggttttagag
tggcaccgag
gcagttttat
aaagtacgca
ctatcececgag
tegtaccteg
ttgetgeteca
tcgcacaagg
tgctgttata

agaaataata

45

Lys

Ile
125

His
140

Lys

Asp Lys

Ile

Pro

Thr Gln Ser

205

Val
220

Glu Leu Tyr

ctagaaatag
teggtgettt
tttecegtttt
gectgtattte
ctagtgaata
tacecgtegta
tgaatccaaa
taatgtgtga
gttggcggca

attgacaagt

Glu Leu

Leu

Gln

Glu Asp

Ile Gly

190

Leu Leu

Thr Arg Ala Glu
110

Lys Gly

Glu Tyr

Lys Asn
160

Gly Ser
175

Asp Gly

Ala Leu

Glu Phe

Lys

caagttaaaa
tttttttegt
gcattgaaat
acttatttac
cagcttgget
cggcacagca
ccacacggag
atattatatc
gggagagttt

agatactgac

60

120

180

240

300

360

420

480

540

600
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atttgagaag agcttctgaa ctgttattag taacaaaaat ggaaagctga tgcacggaaa 660
aaggaaagaa aaagccatac ttttttttag gtaggaaaag aaaaagccat acgagactga 720
tgtectectcag atgggeecggg atctgtetat ctagecaggeca gecageccace aacctcacgg 780
gccagcaatt acgagtcctt ctaaaagecte cecgecgaggg gegetggege tgetgtgeag 840
cagcacgtct aacattagte ccacctecgee agtttacagg gagcagaace agettataag 900
cggaggcgeg gcaccaagaa gectgatggge tegtggactt cagtttagag ace 953
<210> 17

<211> 20

<212> RNA

<213> Artificial sequence

<400> 17

acaagccuga uuuucguaag 20
<210> 18

<211> 20

<212> RNA

<213> Artificial sequence

<400> 18

ugaugggcuc guggacuuca 20
<210> 19

<211> 17

<212> PRT

<213> Artificial sequence

<400> 19

Asp Pro Ala Ala Ala Ala Ala Ala Ala Ala Ala Ala Gly Pro Val Ala
1 5 10 15

Thr

Claims
1. A protein, which is as follows: (a1), or (a2), or (a3), or (a4), or (a5), or (a6), or (a7), or (a8):

(a1) a protein represented by SEQ ID NO: 2 in the sequence listing;

(a2) a protein represented by SEQ ID NO: 4 in the sequence listing;

(a3) a protein represented by SEQ ID NO: 7 in the sequence listing;

(a4) a protein represented by SEQ ID NO: 9 in the sequence listing;

(a5) a fusion protein obtained by attaching a tag to an N-terminus or/and a C-terminus of the protein in any one
of (a1) to (a4)

(a6) a protein comprising the following three segments from N-terminus to C-terminus: the protein in any one
of (a1) to (a4), a connecting peptide, and an EGFP protein;

(a7) a protein related to plant gray leaf spot resistance obtained by substituting and/or deleting and/or adding
one or a plurality of amino acid residues to the protein in any one of (a1) to (a6); and

(a8) a protein related to plant gray leaf spot resistance obtained from corn and having a homology of 90%, 91%,
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2,

3.

10.

1.

12.
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92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% with the protein in any one of (a1) to (a4).
A nucleic acid molecule, which encodes the protein according to claim 1.

The nucleic acid molecule according to claim 2, characterized in that: the nucleic acid molecule is any one of the
following (b1) to (b15):

(b1) a DNA molecule with an encoding region that is represented by nucleotides 56 to 1618 in SEQ ID NO: 3
in the sequence listing;

(b2) a DNA molecule represented by SEQ ID NO: 3 in the sequence listing;

(b3) a DNA molecule with an encoding region that is represented by nucleotides 56 to 1624 in SEQ ID NO: 5
in the sequence listing;

(b4) a DNA molecule represented by SEQ ID NO: 5 in the sequence listing;

(b5) a DNA molecule represented by SEQ ID NO: 1 in the sequence listing;

(b6) a DNA molecule with an encoding region that is represented by nucleotides 56 to 1618 in SEQ ID NO: 8
in the sequence listing;

(b7) a DNA molecule represented by SEQ ID NO: 8 in the sequence listing;

(b8) a DNA molecule with an encoding region that is represented by nucleotides 56 to 1624 in SEQ ID NO: 10
in the sequence listing;

(b9) a DNA molecule represented by SEQ ID NO: 10 in the sequence listing;

(b10) a DNA molecule represented by SEQ ID NO: 6 in the sequence listing;

(b11) a DNA molecule represented by SEQ ID NO: 12 in the sequence listing;

(b12) a DNA molecule represented by SEQ ID NO: 13 in the sequence listing;

(b13) a DNA molecule represented by SEQ ID NO: 14 in the sequence listing;

(b14) a DNA molecule that is derived from corn, has a homology of 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98% or 99% with any one of (b1) to (b13), and encodes the protein;

(b15) a DNA molecule that hybridizes to any one of (b1) to (b13) under a stringent condition, and encodes the
protein.

An expression cassette, a recombinant vector or a recombinant microorganism comprising the nucleic acid molecule
according to claim 2 or 3.

An application of the protein according to claim 1, which is the following (c1) or (c2):

(c1) to regulate the resistance of a plant to gray leaf spot;
(c2) to reduce the disease resistance of a plant to gray leaf spot.

The application according to claim 5, characterized in that the plant is a plant of the genus Zea.
An application of the nucleic acid molecule according to claim 2 or 3, which is the following (d1) or (d2):

(d1) to cultivate a transgenic plant with altered resistance to gray leaf spot;
(d2) to cultivate a transgenic plant with reduced resistance to gray leaf spot.

The application according to claim 7, characterized in that the plant is a plant of the genus Zea.

An application of a substance for inhibiting an activity of the protein according to claim 1 in a plant and/or for reducing
an abundance of the protein according to claim 1 in a plant to enhance the disease resistance of the plant to gray
leaf spot.

The application according to claim 9, characterized in that the plant is a plant of the genus Zea.

An application of a substance for inhibiting a transcription of the nucleic acid molecule according to claim 2 or 3
and/or for inhibiting an expression of the nucleic acid molecule according to claim 2 or 3 and/or for gene editing of

the nucleic acid molecule according to claim 2 or 3 to enhance the disease resistance of the plant to gray leaf spot.

The application according to claim 11, characterized in that the plant is a plant of the genus Zea.
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
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A method for preparing a transgenic plant, comprising the steps of: introducing the nucleic acid molecule according
to claim 2 or 3 into a starting plant to obtain a transgenic plant with reduced gray leaf spot resistance.

The application according to claim 13, characterized in that the starting plant is a plant of the genus Zea.

A plant breeding method, comprising the following steps: increasing a content and/or activity of the protein according
to claim 1 in a target plant, thereby reducing the gray leaf spot resistance of the target plant.

The application according to claim 15, characterized in that the target plant is a plant of the genus Zea.

A method for preparing a transgenic plant, comprising the following steps: inhibiting an expression of the nucleic
acid molecule according to claim 2 or 3 in a starting plant to obtain a transgenic plant with increased gray leaf spot
resistance.

The application according to claim 17, characterized in that the starting plant is a plant of the genus Zea.

A plant breeding method, comprising the following steps: reducing a content and/or activity of the protein according
to claim 1 in a target plant, thereby increasing the disease resistance of the target plant to gray leaf spot.

The application according to claim 19, characterized in that the target plant is a plant of the genus Zea.
A plant breeding method, comprising the steps of: performing gene editing on a specific gene in a genome of a
starting plant to increase the gray leaf spot resistance of the target plant; and the specific gene encoding the protein

according to claim 1.

The application according to claim 21, characterized in that the starting plant is a plant of the genus Zea.
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